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The  so-called  ''eyes"  in  Swiss  cheese  are,  as  is  well  known,  its  most 
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Clark's  studies  are  therefore  calculated  to  be  of  value  to  the  scientific 
as  well  as  the  practical  side  of  the  industry. 
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A  STUDY  OF  THE  GASES  OF  EMMENTAL  CHEESE. 


INTRODUCTION, 

The  "eyes"  of  Swiss  or  Emmental  cheese  are  its  most  strikiiig 
characteristic.  Their  formation  is  a  fascinating  subject  to  the  bio- 
logical chemist,  because  of  a  supposed  localization  of  reactions  gen- 
erating considerable  quantities  of  gas,  and  because  of  the  produc- 
tion of  a  plasticity  among  the  colloids  of  the  cheese,  which  makes 
possible  the  peculiar  mold  of  the  cavities. 

To  the  cheese  maker  the  formation  of  the  "eyes"  is  a  matter  of 
great  importance,  since  their  size  and  proper  spacing  determine  in 
large  measure  the  commercial  value  of  the  cheese.  In  certain  dis- 
tricts of  Wisconsin  visited  by  the  writer  the  dealers  rely  almost 
entirely  upon  these  features,  and,  shortly  after  the  eyes  have  reached 
their  proper  development,  relieve  the  maker  of  further  care.  The 
American  makers  of  Swiss  cheese  are,  therefore,  unable  to  attend 
to  their  cheeses  in  that  meUow  old  age  upon  which  so  much  of  the 
fine  flavor  of  a  true  Emmental  cheese  depends.  However  much  this 
quick  marketing  is  to  be  deprecated,  the  fact  remains  that  it  raises 
the  relative  importance  of  the  eye  formation  and  adds  significance 
to  whatever  knowledge  can  be  gained  concerning  the  process. 

Some  years  ago  Bachler,*  **  cited  by  Jensen,"  estimated  that  26 
per  cent  of  the  cheeses  made  in  Switzerland  were  considerably  reduced 
in  value  because  of  imperfect  eye  formation.  How  far  this  enormous 
loss  has  been  lessened  in  recent  years  as  a  result  of  scientifically  con- 
trolled manufacture  can  not  be  said,  but  in  this  country,  where  large 
nimibers  of  Swiss  are  still  using  the  antiquated  methods  of  their  fore- 
fathers, Bachler's  estimate  is  probably  not  too  high.  The  wide  dif- 
ference in  market  price  between  domestic  and  imported  Swiss  cheese 
bears  out  this  statement. 

Considerable  work  has  been  done  in  Europe  in  the  effort  to  uncover 
the  cause  of  eye  formation,  and,  through  the  labors  particularly  of 

o  The  lefeLCDoe  flgores  relate  to  the  list  of  referenoes  to  literature  at  end  of  buUethi. 
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8  STUDY  OT  OASES  OF  EUUETTTAI.  CHEESB. 

Von  Freudenreicli  and  Jensen,  a  weLl-founded  theory  has  been  proposed 
which  wiU  be  discussed  later.  No  one,  howeTer,  has  made  a  study  of 
the  gases  which  are  themselves  the  immedi&te  cause  of  the  eye  forma- 
tioD,  and  it  was  with  the  hope  that  such  a  study  might  furnish  valu- 
able data  that  the  nesearch  herein  described  was  undertaken.  IS 
nothing  more  is  demonstrated  than  the  composition  of  the  gas  in 
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Fio.  I.— Apparatus  (or  odlectiiig  gfta  In 


the  eyes,  this  alone  justifies  the  work,  for  the  extensire  researches  on 
the  eye  formation  in  Knimental  cheese  have  led  to  but  one  codclu- 
mob  that  can  be  called  positive,  and  that  is  that  a  final  explanation 
will  be  reached  only  when  every  phase  of  the  subject  has  been  sub- 
mitted to  exact  quantitative  study. 


APPABATUS  AND  METHODS.  9 

DSSCRIPTION  OF  APPARATUS  AND  METHODS  07  COLLBCTINO  THE 

GASES. 

The  collection  of  the  gas  in  the  eyes  by  cutting  the  cheese  under  a 
bell  jar  filled  with  water,  as  was  donewith  Edam  cheese  by  Boekhout 
and  Ott  de  Viies,'  is  a  simple  and  valuable  method,  but  one  which 
is  hardly  to  be  called  accurate,  owing  to  the  high  solubility  of  certain 
gases  in  water.  In  place  of  such  a  method  an  apparatus  was  devised 
for  collecting  the  gas  over  mercury.  This  is  shown  in  figure  1,  the 
procedure  being  as  follows: 

METHOD  I. 

The  glass  cyhnder  A  is  forced  a  short  distance  into  the  body  of 
the  cheese  until  it  is  firmly  held.  It  is  then  clamped  in  position. 
Around  the  outside  the  cheese  is  cut  away  sufficiently  to  leave  a 
channel  into  which  mercury  moistened  with  mercuric  chlorid  solution 
is  poured.  This  forms  a  seal  preventing  entrance  of  air.  The  head 
of  the  shaft  B  is  now  resting  on  the  surface  of  the  cheese.  Through 
its  capillary  mercury  is  run  into  the  cylinder,  displacing  the  air  until 
it  finally  runs  out  of  the  side  arm  D  and  up  through  the  annular 
space  between  the  shaft  and  the  shoulder  of  the  cylinder.  The  short 
length  of  thick  rubber  tubing  at  E  is  then  very  tightly  boimd  with  a 
rubber  band,  leaving  mercury  in  the  small  cup  above,  and  thus 
effectually  dosing  this  opening  against  the  entrance  of  air.  When 
the  cylinder  and  side  arm  are  thus  completely  filled  with  mercury,  a 
receptade  filled  with  mercury  is  brought  over  the  end  of  the  side 
arm  (in  a  mercury  trough,  of  course)  and  serves  to  retain  the  col- 
lected gas  until  the  time  of  the  analysis.  After  these  preparations 
the  shaft  is  pushed  down  into  the  cheese.  When  it  pimctures  an 
eye  this  can  readily  be  felt.  Since  the  head  of  the  shaft  is  larger 
than  the  shank,  there  is  left  an  annular  space  for  the  escape  of  the 
gas.  This  gas  is  displaced  from  the  eye  partially  by  the  mercury  of 
the  cylinder,  which  finds  its  way  to  the  lower  level,  but  more  largely 
by  the  mercury  which  runs  in  through  the  capillary  in  the  shaft.  The 
exit  of  this  is  prevented  from  becoming  dogged  with  cheese  by  care- 
fully blowing  it  out  just  bdiind  the  head,  as  shown  in  the  diagram. 
When  the  gas  is  displaced  from  the  eye  it  is  displaced  from  the 
cylinder  into  the  receiver  by  continuing  to  run  in  mercury  through 
the  shaft  from  the  reservoir  C.  Between  this  reservoir  and  the  shaft 
is  placed  a  bulb  which  prevents  the  mercury  from  sweeping  in  bub- 
bles of  air. 

In  the  samples  of  gas  collected  with  this  apparatus  seldom  was  more 
than  a  trace  of  oxygen  found.  This  in  itself  shows  that  the  gas  was 
obtained  without  contamination  by  air. 

42208^— BuU.  151—12 2 
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METHOD  U. 

For  the  collection  of  gas  from  ''pinholes''  the  foregoing  apparatus 

was  of  little  use  except  in  one  instance  to  be  mentioned  later.    To 

collect  the  gas  from  this  form  of  hole,  as  well  as  the  gas  in  the  body 

of  the  cheese,  the  apparatus  shown  in  figure  2  was  used,  as  follows: 

Samples  of  cheese  taken  with  a  trier  were  introduced  into  the 

glass  cylinder  A.  The  rubber 
stopper  at  B,  attached  to  the 
mercury  vacuum  pump  with  or 
without  the  intermediate  connec- 
tion C,  was  forced  in  securely  and 
protected  from  leakage  by  the 
mercury  seal.  Upon  raising  the 
leveling  bulb  D  the  cheese  was 
flooded  with  mercury  and  the  sur- 
rounding air  was  forced  over  into 
the  pump  until  the  mercury  stood 
at  the  stopcock  E.  To  prevent 
bubbles  of  air  being  trapped  under 
the  cheese  the  lower  ends  of  the 
plugs  were  sharply  beveled.  Bub- 
bles of  air  of  course  adhered  to  the 
rough  surface  of  the  cheese  and  its 
smaller  exposed  cavities.  This 
error  is  inherent  in  the  method, 
but  was  reduced  by  suddenly  drop- 
ping theleveling  bulb  with  the  stop- 
cockE  closed,  and  then  driving  the 
air,  which  had  expanded  into  the 
vacuum,  past  the  open  stopcock. 
The  glass  tube  with  its  trap 
which  connects  A  with  the  level- 
ing bulb  was  made  sufficiently 
long  so  that  D  might  be  lowered 
the  barometric  distance  below  A, 
and  thus  leave  the  cheese  exposed 
to  a  fairly  high  vacuum  even  be- 
fore the  pumping  commenced.  After  exhausting  the  pump  up  to 
E  this  cock  was  opened,  and  the  gas  pumped  from  the  cheese  and 
delivered  into  a  receiver. 

The  merciury  pump  used  in  this  as  in  other  operations  to  be  de- 
scribed later  was  Antropoff's  modification  of  the  Topler.  A  full 
description  of  the  pump  and  its  appurtenances  will  appear  in  the 
account  of  another  investigation. 


Fio.  2.— App&ratu3  for  pumping  gas  from  cheese. 


METHOD  OF  ANALYSIS. 
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IKEXHOD  OF  ANALYSIS. 

The  gas  was  analyzed  with  a  special  set  of  burettes  and  pipettes 
designed  for  the  analysis  of  small  quantities  of  gas  produced  by 
bacteria.  A  few  of  the  first  analyses  were  made  with  a  burette  spe- 
cially designed  for  volumes  as  low  as  0.5  c.  c.  In  all  the  analyses 
the  confining  liquid  was  mercury,  and  use  was  made  of  a  device  for 
extremely  accurate  separation  of  gas  from  absorbent. 

Thirty-three  per  cent  potassium  hydroxid  solution,  in  quantities 
appropriate  for  the  volume  of  gas  analyzed,  served  as  absorbent  for 
carbon  dioxid.  Hydrogen  sulphid,  after  preliminary  qualitative 
tests,  was  assumed  to  be  absent,  although  it  is  of  course  possible 
that,  if  present  originally  in  the  gas,  it  may  have  been  taken  up  by 
the  mercury.  That  any  of  this  gas  occurs  in  the  eyes  is,  however, 
very  improbable,  for  its  odor  was  never  detected.  For  hydrogen 
sulphid  and  mercaptans  the  nose  is  many  times  more  sensitive  than 
is  the  spectroscope  for  sodium,"  and  unless  the  other  and  milder 
odors  of  Swiss  cheese  exercise  a  surprisingly  intense  hindrance  to  the 
detection  of  hydrogen  sulphid  and  mercaptans  we  may  justly  say 
that  these  vapors  were  absent.  With  Nessler's  reagent  very  slight 
traces  of  ammonia  were  detected.  For  oxygen  alkaline  pyrogallol 
or  long-continued  contact  with  phosphorus  was  used.  Combustible 
gases  were  estimated  in  several  ways.  Explosion  with  oxygen,  in 
the  presence  of  electrolytic  gas  when  necessary,  was  used  in  several 
instances.  For  one  case  combustion  with  a  platinum  sponge  was 
tried.  For  the  small  percentages  of  combustible  gases  found  the 
method  of  Dennis  and  Hopkins '  was  found  to  be  the  most  satis- 
factory. This  consists,  essentially,  in  leading  the  gas  slowly  into  a 
measured  volume  of  oxygen  and  there  burning  it  slowly  and  quietly 
with  a  platinum  wire  heated  by  an  electric  current. 

Tabi«e  1. — Analyses  of  gas  collected  by  vunctwring  apparatus  from  eyes  of  SwisB  {Bhti^ 

mental)  cheese — Method  I. 


Deslg- 
Datiaa 

of 
dieete. 

Total 
vol- 
ume of 

KMOOl- 

toSted. 

Gontnctkni^ 

Compositfcin. 

Doe  to 
absorp- 
tion 
with 
KOH. 

Doe  to 
absocp- 

tkm 
forOi. 

Due 
to 
com- 
bus- 
tion. 

COi. 

0*. 

Hydro- 
car- 
bons. 

Hf 

N,. 

Desorfptkni  of  cTvwoe. 

a 

Ce, 

0.96 

2.73 

1.66 

4.77 

1.25 

/    S.44 

\    4.02 

15.24 

/    7.56 

4.09 

/  14.47 

t    9.99 

6.48 

4.96 

Ce, 
0.66 
2.29 
1.11 
2.44 
1.00 
2.23 
2.52 

13.77 
6.14 
4.04 

12.91 
8.96 
3.04 
2.85 

Ce. 

Ce. 

Per 
eeni. 
57.3 
83.9 
66.9 
61.2 
80.0 
64.8 
62.7 
90.4 
81.2 
80.9 
80.2 
89.5 
56.0 
47.4 

Per 
cent. 

Per 
cenL 

Per 
eenL 

Per 
eent. 

Imported,  eyes  normal. 
Do. 

b 

aoo 

.01 
.02 
.00 
.00 

.66 

.02 
.03 
.08 
.01 
.02 
.01 

6.'i6' 

.02 
.00 
.60 
.45 
.76 
.43 
.30 
.00 
.09 
.06 
3.63 

0.0 

Trace. 

Trace. 

0.0 

0.0 

*'*'6'6' 

Trace. 
0.6 
0.2 

Trace. 

Trace. 

Trace. 

d 

e 

f 

g 
h 

i 
30.61 

0.0 
0.0 
0.0 
Trace? 
0.0 
0.0 
0.0 
0.0 

aor 
ao 

4.00 
Trace? 

ao 

11.6 
7.5 
3.3 
3.7 
4.0 

ao 
a  6 

Trace? 
48.8 

29.1 
48.8 
20.0 
23.6 
29.8 
6.3 
15.1 
14.5 

lae 

9.8 

44.0 

3.8 

Imported,  ^68(7). 
Imported,  eyes  normal. 

Do. 
\Domestic.    eyes    thtokly 
/   crowded. 
Do. 

/    crowded. 

lExcellnnt  Imparted,  eyea 

/   very  regular. 

Imported,  lazse  hole. 

Very  gassy  in  press. 
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The  analyses  of  the  gas  collected  by  Method  I  are  given  in  Table  1, 
and  of  that  collected  by  Method  11  in  Table  2.  All  volumes  are  for 
0^  C.  and  760  mm.  When  the  gases  were  collected  from  a  cheese  pro- 
cured at  the  market,  a  sufficiently  large  slice  was  purchased  to  pre* 
vent  undue  exposure  of  the  eyes,  and  this  was  carried  immediately 
the  short  distance  to  the  laboratory,  and  the  gas  at  once  collected. 
In  most  cases  the  shaft  pimctured  or  grazed  more  than  one  eye,  so 
that  the  analysis  gives  the  true  average  for  several  eyes. 

Table  2. — Analyses  of  gas  collected  by  pumping  from  Swiss  (Emmental)  cheese — 

Jfethod  IT. 


Ko.  of 

Time 

pump. 

ing. 

Total 
looted. 

Weight 
of  cheese 
evacui^ 

ted. 

Amount 

of  gas 

per  100 

grams  of 
cheese. 

Composition. 

dieese. 

CO,. 

0,. 

H,. 

N,. 

Description  of  cheese. 

3 

Homrt. 
20 

26' 

26* 

C.e. 
2.36 

2.31 

6.41 

3.20 

13.60 

OntM. 

C.C 

Per 
cent. 
76.3 

77.5 
80.8 
50.6 
84.5 

Per 

cent. 

1.7 

2.6 
2.0 
1.0 
2.2 

Per 
cent. 

ao 

0.0 

0.0 
0.0 
0.0 

Per 

cent. 
22.0 

19.9 
17.2 
48.4 
13.3 

81M5 

holes,  etther  pinholes  or  in- 
hibited eyes. 
Do. 

89-11-2 

Do. 

46-4-1 
W2 

50 
53 

6.40 
25.7 

Do. 
Fine  domestlo  cheese  Just  be- 
ginning eye  deveJopment. 

DISCUSSION  OF  THE  ANALYSES. 

If  the  values  obtained  in  this  study  of  the  gases  found  in  the  eyes 
of  Swiss  cheese  are  compared  with  the  values  obtained  by  Boekhout 
and  Ott  de  Vries  *  for  the  gases  in  Edam  cheese,  it  is  seen  that  the 
latter  obtained  much  lower  percentages  of  carbon  dioxid  and  corre- 
spondingly higher  percentages  of  nitrogen.  The  explanation  becomes 
apparent  when  it  is  remembered  that  Boekhout  and  Ott  de  Vries 
collected  the  gas  over  water,  while  in  this  investigation  it  was  collected 
over  mercury.  The  two  methods  were  compared  in  the  case  of  cheese 
h,  as  follows: 


Method. 


Collection  over  mercory. . 
Collection  over  mercury. . 
Collection  over  water. 


CO^ 


Percent, 

81.2 
80.9 
34.8 


O,. 


Percent, 

Trace. 

0.6 

1.9 


Percent. 
3.7 
4.0 
1.0 


Nfc 


Percent, 
15.1 
14.5 
61.4 


This  result  is  what  might  have  been  expected,  namely,  an  absorp- 
tion of  much  carbon  dioxid  and  a  little  hydrogen  by  the  water,  and, 
in  return,  an  increase  in  the  amount  of  oxygen  as  well  as  an  increase 
in  percentage  of  nitrogen.  Boekhout  and  Ott  de  Vries  have  them- 
selves called  attention  to  this,  and  claim  only  qualitative  value  for 
their  results.  The  types  of  holes  from  which  they  isolated  gas  were 
small  cracks  corresponding  to  the  Emmental  ''riszler/'  small  round 
holes,  and  large  cracks  termed  '' knijpers/' 
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Qualitatively  the  composition  of  the  gases  was  the  same;  namely, 
carbon  dioxid,  hydrogen,  nitrogen,  and  oxygen.  Of  these  they  elimi- 
nated oxygen  as  due  to  contamination.  In  the  case  of  the  ''knij- 
pers,"  or  large  cracks,  52  to  249  c.  c.  of  gas  were  collected  instead  of 
5  to  22  c.  c.  as  in  the  case  of  the  smaller  holes.  Assuming  that  the 
same  volume  of  water  was  used,  we  would  expect  a  truer  value  to  be 
obtained  for  the  analysis  of  the  larger  volumes,  in  which  case  the 
attention  is  struck  by  the  large  percentage  of  hydrogen.  The  signifi- 
cance of  this  will  become  apparent  when  the  results  on  Emmental 
cheese  have  been  assembled. 

It  is  dear  from  the  analyses  of  gas  found  in  Emmental  cheese 
that  carbon  dioxid  and  nitrogen  are  the  chief  constituents  of  the  gas 
found  in  normal  eyes.  The  oxygen  in  most  cases  is  hardly  more  than 
would  be  expected  to  come  from  the  minute  bubbles  or  surface 
layers  which  adhere  to  the  glass  walls  of  the  apparatus.  To  what 
gas  the  contraction  after  explosion  with  oxygen  is  to  be  ascribed  is  a 
difficult  question  to  settle.  In  some  cases,  where  the  contraction 
was  sufficiently  large  to  justify  further  absorption  with  potassium 
hydroxid,  the  absence  of  any  further  contraction  in  volume  justifies 
the  conclusion  that  the  combustible  gas  was  chiefly  hydrogen.  In 
other  cases  the  small  contraction  might  have  been  due  to  any  one  of 
a  number  of  gaseous  combustions. 

For  further  information  it  was  decided  to  examine  specimens  of  gas 
spectroscopically.  The  gas  freed  from  carbon  dioxid  fjid  possible 
oxygen  was  passed  over  phosphorus  pentoxid  into  a  dry,  exhausted 
PlQcker  tube.  The  discharge  of  an  induction  coil  was  then  passed 
between  aluminum  terminals,  and  the  spectrum  observed  with  a 
prism  spectroscope.  At  the  same  time  comparison  was  made  with  the 
spectrum  of  a  similar  tube  containing  pure  hydrogen.  ^Minute  traces 
of  hydrogen  are  to  be  expected  when  metal  terminals  are  used,  but, 
with  the  low  resolving  power  of  the  spectroscope  employed,  the  nitro- 
gen spectrum  so  obscured  the  possibly  present  red  line  of  hydrogen 
that  it  was  not  observed  with  specimens  of  pure  nitrogen.  A  known 
sample  of  nitrogen  containing  about  0.05  per  cent  of  hydrogen  gave 
a  brilliant  hydrogen  spectrum,  whose  intensity  could  be  made  more 
sharp  at  the  expense  of  the  nitrogen  spectrum  by  suitable  varying  of 
the  pressure."  The  recognition  of  0.05  per  cent  of  hydrogen  was 
therefore  assured. 

A  small  experimental  cheese,  which  had  begun  an  apparently  nor- 
mal eye  formation  and  then  ceased  entirely,  was  pumped  out  by 
Method  II  and  its  gas  submitted  to  spectroscopic  examination. 
Slight  evidences  of  hydrogen  were  observed.  Samples  of  gas  taken 
from  cheeses  which  yielded  3  per  cent  of  combustible  gas  gave  very 
brilliant  evidences  of  hydrogen. 
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In  samples  of  gas  taken  from  the  normal  eyes  of  two  cheeses  pur- 
chased on  the  market  no  hydrogen  line  was  observed,  nor  was  the 
hydrogen  spectrum  observed  in  the  gases  of  a  normal  cheese  evolved 
during  the  period  of  its  maximum  eye  formation. 

These  results,  though  not  eztensivei 
are  sufficient  to  show  that  hydrogen 
plays  no  rdle  in  the  formation  of  normal 
eyes,  provided  we  assume  that  any  hy- 
drogen formed  has  not  escaped  collection 
by  rapidly  diffusing  through  the  cheese. 
To  make  sure  of  this  point  the  following 
experiments  were  conducted: 

Two  cheeses  purchased  in  Wisconsin 
were  found  to  be  developing  normal  eyes. 
These  eyes,  though  too  thickly  scattered 
for  the  modem  market  standard,  would 
have  been  declared  typical  some  years 
ago.  When  each  cheese  was  apparently 
at  the  height  of  its  eye  formation,  plugs 
were  taken,  and  introduced  into  the  tube 
A,  figure  3,  without  that  part  illustrated 
at  the  side  and  lettered  O,  F,  and  E.  To 
guard  as  far  as  possible  against  infection 
in  transference  the  trier  was  flamed,  and 
the  tube  was  sterilized  at  170®  C,  with 
cotton  plugs  at  B  and  C.  After  intro- 
ducing the  plugs  of  cheese  they  were  fol- 
lowed by  the  flamed  cotton  plug  and  then 
a  rubber  stopper  dipped  in  hot  rubber 
cement.  The  stopper  was  forced  in  and 
held  in  place  till  the  cement*  had  cooled, 
when  several  layers  of  the  same  cement 
were  added  to  the  exterior.  This  made 
a  thoroughly  gas-tight  seal.  The  capil- 
Pio.  3.— Appaiatoa  for  studying  the  ab-   lary  end  was  now  attached  to  the  mercury 

wrptloa  of  oxygen  by  ofaeoe.  *^        .  «  i      ^*    j        ii 

pump  by  means  of  securely  tied  rubber 
tubing  completely  covered  with  a  mercury  seal.  Then  the  tube  was 
exhausted. 

Fortynaix  grams  from  one  of  the  Wisconsin  cheeses  were  exhausted 
for  two  hours,  dxuing  which  time  it  continued  to  give  off  small 
quantities  of  gas.  The  pressure  was  finally  reduced  to  2  mm.  (meas- 
ured on  a  McLeod  gauge).    The  stopcock  D  was  then  closed,  and  the 

A  The  cement  was  made  by  heating  rosin  severai  days  with  as  much  fine-grade  rubber  as  it  would  diawl  ve. 
Dr.  Nutting,  of  the  Bureau  of  Standards,  who  kindly  lUmisfaed  the  receipt,  stated  that  he  had  used  this 
oement  In  refined  vacuum  work  with  entire  satisfaction. 


.^:^.- 
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tube  aUowed  to  remain  in  connecUon  with  the  pump  overnight. 
The  next  morning  the  pumping  was  resumed^  and  a  pressure  of  2  mm. 
again  obtained.  The  gas  which  had  collected  oyemight  amounted 
to  7.23  c.  c,  N.  T.  P.     Its  analysis  follows: 

C.c 

Qriginal  volume 7.23 

Residue  after  absorption  with  KOH 17 

CO, 7.05 

Oxygen  added  up  to o2,28 

Volume  after  combustion  with  heated  platinum  spiral 2. 26 

Contraction 02 

The  tube  was  then  sealed  oflp  in  a  blowpipe  at  the  constriction  H 
and  kept  for  six  days  at  25^  C.  To  collect  the  gas  from  this  sealed 
tube  the  following  method  was  used.  The  capillary  tip  of  the  seal 
was  scratched  with  a  diamond,  and  then  pushed  up  into  the  tube 
leading  from  the  pump  as  at  C,  figure  3.  Connection  was  made  with 
a  rubber  tube  securely  tied  and  covered  with  a  mercury  seal.  Having 
exhausted  the  pump  up  to  the  tip  of  the  seal,  the  tube  was  turned 
slightly  and  sharply.  The  tip  was  broken  at  the  scratch,  and  com- 
munication established  between  A  and  the  pump. 

The  gas  thus  collected  at  the  end  of  six  days  amounted  to  10.12 
c.  c.  The  tube  was  allowed  to  stand  connected  with  the  piunp  over- 
night, after  which  an  additional  2.75  c.  c.  of  gas  were  collected. 

These  two  volumes  were  united  and  analyzed  99.3  per  cent  carbon 
dioxid.  The  residue  was  hardly  sufficient  to  justify  further  analysis. 
It  was  made,  however,  and  a  minute  contraction  observed,  which  was 
hardly  more  than  the  experimental  errors  of  transference. 

Forty-five  grams  of  the  second  Wisconsin  cheese  submitted  to  the 
same  procedure  as  described  above  gave  the  following  data: 

Co. 

Gas  collected  on  first  standing  overnight 11. 48 

Residue  after  absorption  with  KOH 22 

COj 11.26 

Residue  after  absorption  with  phosphorus 22 

Oxygen  added  up  to o  2. 41 

Volume  after  combustion  with  heated  platinum  spiral 2. 39 

Tube  sealed  off  and  incubated  six  days  at  25^  C. 

C.e. 

Gas  collected  after  6  days 9.29 

Residue  after  absorption  with  KOH 16 

CO^ 9.13 

Oxygen  added  up  to «4. 91 

Volume  after  combustion  with  hot  platinum  spiral 4. 85 

Gas  collected  after  again  standing  overnight 5. 33 

Residue  after  absorption  with  KOH Trace. 

a  This  oompantiTely  laxse  volume  was  made  neoeaaary  because  of  the  disadvantaceoua  form  of  the 
Deosia-Hopkiiia  pipette  uaed. 
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In  the  above  analyses  the  contraction  due  to  combustion  was  so 
small  that  further  analyses  to  determine  the  products  of  combustion 
were  impracticable.  Nor  was  it  necessary,  for,  even  if  the  contraction 
were  due  to  but  one  gas,  for  example  hydrogen,  the  amount  was  such 
that  this  gas  may  be  said  to  be  without  significance  in  the  formation 
of  eyes.  Doubtless  the  contraction  was  in  reality  due  to  volatile 
organic  bodies.  The  above  experiments  show  that  when  all  the  gas 
from  an  actively  gas-producing  region  is  collected  no  significant 
amount  of  hydrogen  is  found,  and  thereby  the  contention  is  refuted 
that,  in  the  analysis  of  gas  in  the  eyes,  hydrogen  escaped  detection 
because  of  its  rapid  diffusion  put  through  the  cheese. 

Pains  were  taken  in  these  studies  to  make  a  strenuous  hunt  for 
hydrogen  for  the  following  reason:  In  Enmiental  cheese  there  is 
what  Duclaux  has  termed  the  'initial  fermentation"  during  which 
the  sugar  inclosed  in  the  curd  undoi^oes  bacterial  decomposition. 
Several  of  the  earlier  workers  on  this  cheese  thought  it  was  the  gaseous 
fermentation  of  this  sugar  which  caused  the  development  of  eyes.  If 
so,  one  would  expect  to  find  the  gas  composed  of  a  large  percentage  of 
hydrogen,  since  hydrogen  is  a  characteristic  product  in  the  f ermenta^ 
tion  of  sugars  by  bacteria.  This  deduction  is  of  course  not  rigid,  but, 
from  our  present  knowledge  of  the  gaseous  fermentation  of  sugars  by 
bacteria,  it  is  highly  probable. 

Jensen"  in  1898  pointed  out  clearly  that  the  gaseous  fermenta- 
tion of  sugar  must  not  be  looked  upon  as  in  any  way  directly  connected 
with  the  production  of  normal  eyes  in  Emmental  cheese.  He 
found  no  trace  of  sugar  in  a  cheese  five  days  old,  although  the  normal 
eye  formation  had  not  yet  begun.  This  confirms  the  analyses  made 
by  various  authors.  Jensen  cited  Klenze  "  as  stating  that  the  sugar 
disappears  in  48  hours.  But,  while  the  sugar  disappears  rapidly, 
normal  eyes  seldom  begin  to  develop  before  the  eighth  day,  and  reach 
the  height  of  their  development  long  after  every  trace  of  sugar  has 
disappeared. 

These  facts  alone  demonstrate  that  the  eye  formation  does  not 
depend  upon  the  presence  of  sugar.  Additional  reason  for  so  believ- 
ing is  found  in  the  results  herein,  in  so  far  as  the  absence  of  hydrogen 
in  the  gas  indicates  an  absence  of  gaseous  sugar  fermentation. 

But  it  also  follows  from  this  reasoning  that  when  a  gaseous  fermen- 
tation occurs  while  sugar  is  stiU  present  in  the  cheese,  hydrogen  is  to 
be  expected.  Such  a  fermentation  frequently  occurs  while  the  cheese 
is  in  press.  Fortunately  a  cheese  was  obtained  (No.  39-61)  which  was 
known  to  have  given  marked  signs  of  gas  while  under  press.  From 
this  cheese  gas  was  collected  by  the  previously  described  Method  I, 
with  the  following  analysis : 

Total  volume  of  gas  collected Cubic  centimeters. .  4. 96 

Kesidue  after  absorption  with.  KOH do 2. 61 

COj do....  2.35 

Kesidue  after  absorption  with  phosphorus do. . . .  2. 60 
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Oxygenadded  up  to Cubic  centimetera. .    6. 14 

Volume  after  combustion  with  platinum  spiral do 2. 51 

Contraction do 3. 63 

Residue  after  absorption  with  KOH do 2. 51 

Hydrogen per  cent. .  48. 80 

Upon  attempting  to  mako  a  second  puncture  the  mercury  broke 
through  into  the  hole  previously  made.  The  cheese  was  then  opened, 
and  foimd  to  be  so  spongy  that  the  walls  separating  the  individual 
cells  were  very  thin — ^too  thin  to  withstand  the  weight  of  mercury. 

To  obtain  a  second  sample  of  gas  for  confirmatory  analysis  recourse 
was  had  to  Method  II  of  collecting  gas,  previously  described.  A  high 
percentage  of  hydrogen  was  again  found. 

In  the  further  study  of  this  case  52  grams  of  the  cheese  were  intro- 
duced into  the  vacuum  tube  described  on  page  14  and  evacuated  to 
1  mm.  pressure.    There  collected  overnight  7.84  c.  c.  of  gas. 

Analysis: 

C.c. 

Total  volume 7. 84 

Residue  after  absorption  with  KOH 28 

Residue  after  absorption  with  phosphorus 27 

Oxygen  added  up  to 1. 08 

Volume  after  combustion  with  platinum  spiral 99 

Contraction 09 

The  tube  was  then  sealed  off  and  kept  nine  days  at  25°  C.  Upon 
opening  it  and  pumping  out  the  gas  by  the  method  previously 
described  7.49  c.  c.  of  gas  were  collected.  The  residue  after  absorp- 
tion with  potassium  hydroxid  was  only  0.07  c.  c. 

It  is  therefore  apparent  that  the  production  of  hydrogen^  which 
was  very  active  while  the  cheese  was  in  press,  had  soon  ceased,  pre- 
sumably with  the  disappearance  of  the  sugar. 

The  occasional  occurrence  of  hydrogen  in  small  percentages,  as 
shown  in  the  table,  generally  accompanied  eyes  which  in  the  writer's 
judgment  were  not  typically  normal.  They  were  either  crowded  and 
distorted  or  associated  with  numerous  pinholes.  It  is  not,  perhaps^ 
incorrect  to  say  that  in  all  probability  there  had  occurred  in  these 
cases  a  slight  initial  gaseous  fermentation  of  the  sugar,  with  the  pro- 
duction of  hydrogen  which  lingered  to  contaminate  the  gas  of  the 
normal  fermentation. 

An  extremely  interesting  observation  was  made  in  the  case  of  cheese 
i.  (See  Table  1,  p.  11.)  This  was  an  excellent  imported  cheese  with 
large  and  perfectly  rounded  eyes,  well  spaced  in  a  body  of  fine  texture 
and  flavor.  In  the  first  analysis  of  the  gas  from  these  eyes  no  trace 
of  a  combustible  gas  was  found.  The  second  analysis  gave  0.6  per 
cent  of  hydrogen.  Upon  exposing  the  eyes  punctured  it  was 
observed  that  a  slight  crack  extended  to  within  a  centimeter  of  one  of 
the  eyes  punctured  on  the  second  collection.  This  crack  was  found 
to  lead  directly  to  a  hole  some  2  cm.  in  diameter,  the  irregular  and 
apparently  corroded  walls  of  which  proclaimed  it  distinctly  abnormal. 
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It  is  of  interest  to  note  that  in  the  case  of  cheese  j,  gas  was  obtained 
from  a  hole  the  size  of  one's  fist;  and  that  this  contained  practically 
no  hydrogen.  The  appearance  of  this  hole  was  that  of  a  strictly 
normal  eye  except  in  size. 

It  was  hoped  that  the  gas  of  a  typical  ''blow  hole"  could  be  ob- 
tained. For  this  purpose  a  cheese  containing  such  a  hole  was  pur- 
chased in  "^^consin.  When  it  arrived  at  the  laboratory  it  was  found 
that  the  cheesemaker  had  punctured  it. 

From  the  results  obtained  it  is  clear  that  there  are  at  least  two 
distinct  types  of  gas  formation.**  The  one  is  highly  detrimental,  and 
is  accompanied  with  hydrogen;  the  other  is  that  demanded  in  a  good 
Emmental  cheese.  One  is  dependent  upon  the  presence  of  sugar; 
the  other  occurs  in  the  absence  of  sugar. 

The  presence  of  hydrogen  in  considerable  quantities  in  the  gas  iso- 
lated from  Edam  cheese  by  Boekhout  and  Ott  de  Vries  is  very  sug- 
gestive of  a  gaseous  fermentation  of  sugar,  and  to  this  Jensen  ^^  has 
ascribed  the  formation  of  gas  holes  in  Edam  cheese. 

At  this  point  it  may  be  well  to  call  attention  to  a  source  of  error 
overlooked  by  various  investigators  in  their  attempts  to  establish 
the  cause  of  any  particular  gas  formation  in  cheese.  Frequent  exam- 
ples are  to  be  found  in  which  gas  production  by  bacteria  in  milk  is 
interpreted  to  mean  that  these  bacteria  can  produce  gas  in  cheese. 
Although  this  may  frequently  be  true,  it  must  nevertheless  be  remem- 
bered that  the  two  media  differ  not  only  in  chemical  constitution  but 
also  vary  greatly  in  physical  chemical  condition. 

Baumann,'  for  instance,  attributed  the  formation  of  eyes  in  hard 
cheeses  to  Bacillus  diatrypeticus  ccLsei.  From  an  experiment  in 
which  this  bacillus  produced  in  milk  gas  containing  63  per  cent  of 
carbon  dioxid  and  the  remainder  almost  entirely  hydrogen,  Baimiann 
concluded  that  the  gas  of  normal  as  well  as  faulty  eyes  is  carbon 
dioxid  and  hydrogen.  The  error  of  attributing  the  reactions  of  a 
bacillus  when  cultivated  in  milk,  which  contains  sugar,  to  cheese, 
which  after  the  initial  fermentation  contains  no  sugar,  is  so  evident, 
and  the  error  in  stating  that  the  gas  of  normal  eyes  contains  hydrogen, 
without  having  first  analyzed  this  gas,  is  so  evident,  that  Baumann's 
conclusions  might  be  left  imnoticed  at  this  late  date  were  they  not 
typical  of  several  found  in  the  more  recent  literature. 

ABSORPTION  OF  OXYGEN. 

In  all  the  analyses  no  appreciable  amount  of  oxygen  was  found. 
The  presence  of  large  percentages  of  nitrogen  with  this  absence  of 
oxygen  raises  the  question,  Does  air  diffuse  into  the  cheese  with  ab- 
sorption of  oxygen  ?    Evidence  of  an  active  absorption  of  oxygen  was 

a  This  does  not  predude  there  heing  a  number  of  distinot  fenneatattons  or  reactions  of  either  type. 
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accidentally  obtained.  In  attempting  to  study  the  gases  produced 
in  sealed  tubes  a  faulty  form  of  tube  was  first  used^  which  evidently 
leaked.  On  attempting  to  exhaust,  the  lowest  pressure  which  could 
be  obtained  was  3.6  mm.  It  was  soon  ascertained  that  there  was  no 
leak  in  the  pump,  but  a  leak  in  the  tube  was  suspected.  The  tube 
was  left  connected  with  the  pump  (connecting  stopcock  closed)  over 
night.  The  next  morning  37.20  c.  c.  of  gas  was  pumped  out.  The  first 
portion  of  19.16  c.  c.  gave  4.57  c.  c.  of  carbon  dioxid  and  2.21  c.  c.  of 
oxygen.  The  residue  was  lost  but  was  considered  to  be  nitrogen.  The 
second  portion  was  then  pumped  out,  and  of  the  18.05  c.  c.  thus  col- 
lected there  were  4.85  c.  c.  of  carbon  dioxid,  1.45  c.  c.  of  oxygen,  and 
the  residue  entirely  nitrogen.  The  total  oxygen  amounted  to  3.66  c.  c, 
which,  had  it  come  by  leakage,  would  have  indicated  an  entrance  of 
13.7  c.  c.  of  nitrogen.  There  was  actually  found  24.12  c.  c.  of  nitrogen. 
This  leaves  10.42  c.  c.  of  nitrogen  to  be  accounted  for.    The  carbon 

dioxid  amounted  to  only  9.42  c.  c.  and,  since  the  ratio   q'      is  much 

larger  than  that  obtained  in  other  similar  pumpings  where  no  leak 
occurred,  it  was  suspected  that  oxygen  had  been  absorbed. 

To  definitely  determine  tliis  the  apparatus  shown  in  figure  3  was 
used.  With  plugs  of  cotton  at  B,  C,  and  in  the  bend  above  G,  the 
tube  was  sterilized  at  170°  C.  Then  28.5  grams  from  one  of  the  Wis- 
consin cheeses  were  carefully  taken  with  trier  and  spatula  flamed  to 
prevent  contamination  as  far  as  possible,  and  the  plugs  introduced 
into  A  and  sealed  in  as  previously  described.  Mercury-was  drawn  up 
into  the  tube  E  until  it  had  just  passed  the  stopcock  F.  After  at- 
tachment had  been  made  to  the  pump  the  whole  was  evacuated  5 
hours  and  finally  at  a  pressure  of  1.2  mm.  the  capillary  at  H  was  sealed 
off  in  a  blowpipe  flame.  There  was  introduced  into  E  7.47  c.  c.  N. 
T.  P.  of  oxygen  from  a  tank.  At  the  same  time  a  sample  of  the  same 
gas  was  taken  for  analysis,  and  found  to  contsun  98.1  per  cent  of 
oxygen.  Upon  opening  the  cock  F  atmospheric  pressure  forced  the 
gas  over  into  the  tube  A.  The  mercury  behind  this  gas  was  allowed 
to  rise  until  it  had  entered  the  capillary  G.  As  close  to  this  mercury 
as  was  possible  G  was  then  fused  off  with  a  blowpipe.  There  was 
left  of  the  7.47  c.  c.  iutroduced  only  a  small  bubble  in  the  capillary, 
and  this  at  reduced  pressure.  After  6  days  at  25*^  C.  the  tube  was 
opened  by  the  usual  method  and  the  gas  was  pumped  out  and  ana- 
lyzed, with  the  following  result: 

c.  0. 

Total  volume  of  gas  collected 11. 90 

Carbon  dioxid 10. 96 

Oxygen 53 

Residue,  all  nitrogen 41 

From  the  percentage  composition  of  the  7.47  c.  c.  of  gas  added 
at  the  beginning  of  the  experiment  it  is  known  that  7.33  c.  c.  of 
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oxygen  was  added.    At  the  end  of  the  experiment  there  remained 

only  0.53  c.  c.  of  oxygen.    There  must,  therefore,  have  been  6.80  c.  c. 

of  oxygen  absorbed,  or  0.239  c.  c,  per  gram  of  cheese. 
Such  an  active  absorption  of  oxygen  lends  itself  to  the  argument 

that  the  nitrogen  of  the  ^es  found  its  way  there  by  the  diffusion  in  of 
air.  But,  before  such  an  argument  can  be  con- 
sidered vaUd,  the  following  points  must  be  deter- 
mined :  First,  to  what  extent  is  cheese  permeable 
to  gases  in  general  and  nitrogen  in  particular  ? 
Second,  how  much  of  the  nitrc^en  present  is  due 
to  nitrogen  dissolved  in  the  cheese  at  the  time  of 
manufacture  1  Third,  what  evidences  are  there 
to  show  that  the  nitrogen  does  not  arise  in  situ 
from  bacterial  or  chemical  reactions  ? 

TBE  PERHEABILnr  OF  CHEESE  TO  GASES. 
After  various  unsuccessful  efforts  to  make  an 
impermeable  adhesive  that  would  stick  to 
cheese,  and  so  enable  a  slice  to  be  sealed  into 
a  diffusion  apparatus,  the  following  device  was 
made  (fig.  4): 

At  B  a  membrane  of  plaster  of  Paris  was 
formed  whose  strength  was  reenforced  by  a  per- 
forated brass  plate  not  shown  in  the  diagram. 
This  membrane  was  desiccated  until  its  perme- 
abihty  was  high,  that  of  transfusion.'" 

Most  of  the  air  was  forced  out  of  D  through 
the  membrane  and  E  by  raising  the  mercury. 
A  carefully  taken  disk  of  cheese  was  then 
placed  on  the  plaster  of  Paris  bed.  It  was 
gently  held  there  while  it  was  completely  cov- 
ered with  mercury.  Then,  by  lowering  F,  the 
space  in  D  was  left  under  greatly  reduced  pres- 
sure. This  caused  such  a  difference  in  pressure 
between  the  upper  and  lower  surfaces  of  the 
Fia.  1.— DOTke  br  ksoertab-  cheese  that  the  disk  was  held  firmly  against  the 
fngpenoMbiiiiyoiohefflato  plaster  bed,  and  tho  surroumling  mercury  was 
unable  to  float  it.  Preliminary  experiments 
showed  that  no  mercury  crept  between  the  disk  and  the  plaster, 
and  that  the  plaster  did  not  become  clogged  with  mercury  or  cheese. 
After  partial  vacuum  had  been  produced  in  D  a  few  moments  elapsed 
before  the  gas  retained  in  the  plaster  came  to  equilibrium.  When 
this  was  reached  the  mercury  was  carefully  withdrawn  from  the  top 
of  the  disk  of  cheese  until  the  surface  was  exposed.    The  mercuiy 
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left  at  the  side  prevented  entrance  of  gas  there,  so  that  the  only 
path  between  the  chambers  A  and  D  by  which  gas  could  enter  D  was 
through  the  cheese. 

The  disks  of  cheese  used  were  about  1  cm.  in  diameter  and  2  to 
2.5  mm.  thick.  They  were  taken  from  sound  portions  of  freshly  cut 
cheese  by  means  of  a  cork  borer,  and  carefully  sectioned  with  a  sharp 
razor.  Every  precaution  was  used  in  cutting  and  handling  to  pre- 
vent distortion  and  breaking  of  the  texture.  In  one  case  the  exposed 
surface  was  that  of  an  eye.  The  gas  whose  diffusion  it  was  desired  to 
study  was  flooded  into  the  chamber  A.  With  both  air  and  carbon 
dioxid  there  was  apparently  no  diffusion  during  an  hoiu*,  even  though 
the  pressure  in  D  was  reduced  as  much  as  possible.  Longer  experi- 
ments were  not  practicable,  because  a  continuous  watch  had  to  be 
kept  to  see  that  no  bubble  of  air  entered  through  the  rubber  connecting 
tube  between  D  and  F  and  altered  the  volume  in  D.  With  a  trap  to 
prevent  such  a  source  of  error  the  same  impermeability  for  air  was 
observed  during  an  experiment  lasting  several  days. 

This  result  was  so  remarkable  that  it  was  tested  further  in  the 
following  manner:  Instead  of  the  parts  E,  D,  F  (fig.  4),  a  glass  tube 
led  from  B  to  a  mercury  pump.  With  the  cheese  slab  C  covered  with 
mercury  the  pump  was  operated  tiU  the  lowest  vacuum  which  could 
be  obtained  was  reached.  By  reason  of  the  gas  being  given  off  by  the 
cheese,  this  was  of  course  not  so  high  a  vacuum  as  the  pump  can 
produce.  When  the  vacuum  was  considered  sufficient  the  pump  was 
allowed  to  rest  in  order  to  discover  leakage,  and,  if  there  were  none, 
to  allow  the  residual  gas  to  distribute  itself  so  that  a  reliable  reading 
on  the  McLeod  gauge  could  be  made.  Then  the  mercury  was  care- 
fully withdrawn  from  the  top  of  the  cheese,  leaving  its  upper  surface 
exposed.  Entrance  of  gas  could  now  be  detected  by  the  McLeod 
gauge.    An  experiment  is  given  in  detail  below: 

[Disk  of  cheese  7  mm.  diametpor,  2.5  mm.  thick,  taken  10.60  a.  m.,  Dec.  19, 1911, 15mm.from  the  nearest  rind.] 


Apparatus  exhaustedj  and,  with  cheese  covered  with  mercury,  pump  pressure  at . 
Pump  resting 

Increase  in  pressure  assumed  to  be  due  to  gas  evolved  from  cheese. 

After  7  minutes  pumping 

Cheese  exposed  to  air 

Do 

Do 

Do 

Do 

After  15  minutes  pumping 

Cheese  exposed  to  COt 

Do 

After  5  minutes  pumping 

Cheese  exposed  to  Ht 

Do 

After  15  minutM  pumping 

Cheese  left  oremi^t  exposed  to  air 


Time  of 

Pres- 

reading. 

sure. 

a.m. 

Mm. 

11.14 

0.075 

11.25 

.140 

11.30 

.150 

11.37 

*.070 

11.40 

.070 

p.m. 

12.15 

.160 

1.16 

.270 

1.60 

.320 

2.16 

.360 

2.30 

.025 

3.10 

.060 

3.30 

.090 

3.35 

.025 

4.10 

.060 

4.30 

.065 

4.45 

.010 

a.m. 

0.30 

.430 

22  STUDY  OF  OA8E8  OF  EMMENTAL  CHEESE. 

When  the  disk  of  cheese  and  the  mercury  were  removed  air  entered 
rapidly,  showing  that  the  plaster  had  not  become  plugged.  Further- 
more, there  was  no  evidence  of  mercury  having  crept  between  the 
cheese  and  the  plaster.  It  is  not  claimed  that  all  the  above  listed 
readings  on  the  McLeod  are  very  accurate,  since  the  readings  were 
sometimes  made  before  equiUbrium  was  obtained.  All  that  was 
desired  was  the  order  of  magnitude.  Since  the  variation  in  tempera- 
ture during  the  experiment  was  only  between  the  extremes  17°  C. 
and  19°  C.  and  since  the  volume  of  the  pump,  gauge,  and  diffusion 
apparatus  was  found  to  be  159  c.  c,  we  may  calculate  from  pressures 
the  approximate  amoimt  of  gas  which  had  apparently  diffused  through 
the  cheese.  This  amounted  to  about  0.09  c.  c.  during  the  first  5  hours 
and  0.09  c.  c.  during  the  last  17  hours. 

Allowing  nothing  for  possible  small  leaks,  which  were  difficult  to 
avoid  in  the  delicate  manipulations  required,  the  observed  volume  of 
gas  indicates  a  very  remarkable  impermeability.  Practically  the 
same  result  was  obtained  with  a  disk  of  Cheddar  cheese  and  other 
samples  of  Swiss  cheese. 

The  question  at  once  arises.  How  to  explain  the  evolution  of  carbon 
dioxid  which  there  is  every  reason  to  suppose  does  diffuse  from  cheese  ? 
Van  Slyke  and  Hart  "  found  that  a  normal  Cheddar  cheese  evolved 
during  32  weeks  15.099  grams  of  carbon  dioxid.  Since  they  took 
care  to  exclude  surface  growths  of  molds,  it  seems  highly  improbable 
that  this  amount  of  carbon  dioxid  could  have  come  to  any  great 
extent  from  the  surface  layers  alone.  It  must  have  diffused  from 
the  interior  of  the  cheese  into  the  surrounding  bell  jar. 

The  following  explanation  will  doubtless  be  found  reasonable: 
Becquerel  *  found  that  when  the  tegument  of  peas  was  mounted  at 
the  end  of  a  barometer  tube,  and  a  partial  vacuum  of  5  to  10  mm. 
obtained  upon  the  one  side,  with  atmospheric  pressure  on  the  other, 
the  tegument  was  impermeable  to  gas  when  dry,  although  permeable 
when  moist.  In  so  far  as  the  tegument  of  peas  and  a  disk  of  cheese 
are  both  colloidal  they  may  be  compared!  In  the  present  experi- 
ments the  disks  of  cheese  dried  considerably  both  from  exposure  to 
gases  of  low  vapor  content  on  the  one  side  and  the  moisture  free 
vacuum  on  the  other.  By  analogy  with  BecquerePs  experiments 
one  would  expect  to  find  the  dry  cheese  more  or  less  impermeable. 
Reference  to  the  experiment  detailed  on  page  21  wUl  indeed  show  that 
the  permeabihty  decreased  as  the  time  of  the  experiment  increased, 
or,  in  other  terms,  as  the  cheese  became  drier.  Furthermore,  in 
an  experiment  in  which  the  exposed  surface  of  the  cheese  was  kept 
exposed  to  carbon  dioxid,  which  was  saturated  with  vapor,  1.04  c.  c. 
of  gas  was  found  to  have  passed  through  in  5  hours;  ten  times  as 
much  as  in  the  experiment  with  diying  cheese. 
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It  therefore  seems  probable  that  the  permeability  of  cheese  to  gases 
is  due  to  the  diffusion  of  dissolved  gases,  and  that  as  the  free  solvent 
becomes  more  and  more  attenuated  the  gas  is  more  and  more  unable 
to  find  its  way  through  the  gel. 

Since  in  Emmental  cheese  a  more  or  less  dry  rind  is  produced,  it 
seems  probable  that  little  air  can  diffuse  into  the  cheese.  And  from 
the  fact  that  in  the  manufacture  of  Cheddar  a  less  dry  rind  as  well  as 
a  more  open  texture  is  produced,  it  seems  probable  that  escape  of 
carbon  dioxid  more  easily  occurs  in  this  type  than  in  the  Swiss  type 
of  cheese. 

It  must  be  remembered,  however,  that  the  above  experiments  only 
cover  a  very  limited  time,  and  that,  even  were  the  permeability  as 
low  as  the  experiments  seem  to  show,  there  is  still  the  possibiUty  that 
nitrogto  may  make  its  way  slowly  through  the  gel  during  the  long 
period  of  ripening.  Possibly  more  extensive  investigation  would 
reveal  that  the  larger  percentages  of  nitrogen  found  in  the  eyes  of 
some  cheeses  are  proportional  to  the  age  of  the  cheeses.  Neverthe- 
less this  penetration  can  only  take  place  slowly. 

The  fact  that  penetration  of  air  is  so  slow,  together  with  the 
avidity  with  which  oxygen  is  absorbed,  only  tends  to  emphasize  the 
completeness  of  the  anaerobiosis  in  the  interior  of  the  cheese,  a  con- 
dition which  Troili-Peterson  "  found  necessary  for  the  best  develop- 
^ment  of  the  propionic  bacteria. 

These  experiments  on  the  permeability  of  cheese  to  gases  make  it 
evident  that  in  pumping  the  gases  from  plugs  of  cheese  we  should  ex- 
pect the  gas  to  be  slowly  evolved.  Such  was,  indeed,  found  to  be  the 
case.  The  reason  for  this  was  not  fully  appreciated  at  the  time  the 
pumpings  were  made,  and  it  is  very  doubtful  if  all  the  occluded  gas 
was  completely  exhausted  even  after  20  hours  exposure  to  high 
vacuum.  Reference  to  the  experiment  with  plugs  of  cheese  kept  6 
days  in  vacuo  (p.  15)  reveals  the  interesting  fact  that  the  amount  of 
gas  evolved  per  gram  of  cheese  was  dependent  more  upon  the  state 
of  the  vacuum  than  upon  time.  This  is  iQustrated  in  the  following 
statement,  in  which  the  figures  represent  cubic  centimeters  of  gas 
evolved  per  gram  of  cheese  per  hour: 


Flnt  18  hoots 

Stwoeeding  6  days. 
Last  18  houiB 


0.0067 
.0015 
.0033 


a0042 
.0014 
.0066 


During  the  middle  period,  of  course,  the  tubes  were  sealed,  and  the 
evolved  gas  increased  the  pressure.  Evidently^  then,  the  higher  the 
vacuum  to  which  the  sample  was  subjected  the  more  rapidly  was  the 
gas  evolvedi  indicating  that  a  considerable  proportion  of  the  ^as  was 
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dissolved  or  occluded  gas  rather  than  that  fonned  during  the  time 
of  the  experiment. 

It  may  also  be  true  that  there  is  loose  combination  of  carbon 
dioxid  with  inorganic  salts,  or  with  calcium  and  amino  bodies,  as  in 
the  carbo-amino  reaction,  and  that  the  stability  of  these  compounds 
is  a  function  of  the  imposed  pressure. 

HITROGBIT  DISSOLVED  HT  CURD. 
Let  us  now  consider  how  much  of  the 
nitrogen  found  in  the  eyes  is  attributable 
to  nitrogen  occluded  in  the  original  curd. 
One  would  expect  the  curd  to  be  well 
aerated  by  the  vigorous  stirring  it  gets 
during  the  process  of  manuf  acturei  Mar- 
shall '*  has  shown  that  aerated  milk  con- 
tains con^derable  quantities  of  nitrogen, 
but,  unfortunately  for  the  purposes  de- 
sired, his  data  are  only  expressed  in  per- 
centage composition  and  not  very  defi- 
nitely in  cubic  centimeters  of  gas  per 
cubic  centimeter  of  milk. 

A  rough  approximation  of  the  amount 
of  nitrogen  occluded  in  tlie  curd  was 
obtained  in  the  following  way:  A  liter 
of  milk  was  treated  as  in  the  process  of 
making  Swiss  cheese.    When  the  curd 
had  reached  the  stage  when  it  was  suit- 
able to  hoop,  the  greater  part  of  the 
whey  was  decanted,  and  then  the  re- 
sidual whey  and  curd  were  poured  care- 
fully into  the  glass  cylinder  A,  figure  5 
(inverted).     As  the  curd  settled,  the 
overlying  whey  was  drawn  oflE  and  more 
of  the  mixture  poured  in.    This  was  re- 
peated until  the  tube  was  filled  with  curd 
grains  completely  surrounded  by  whey. 
The  rubber  stopper  was  then  forced  in. 
The  tube  was  next  inverted  to  the  posi- 
Fio.  s.^App«™tn»te  dBPacminiiig   j^^^  ghown  in  the  figure,  and  the  mer- 
cury  seal  stopcock  it  was  opened  to  re- 
lieve the  pressure.    The  rubber  stopper  was  then  forced  farther  in, 
and  the  whey  displaced  by  it  escaped  into  C.     By  covering  the 
stoppered  end  of  the  tube  with  rubber-rosin  cement  and  keeping 
it  under  mercury,  it  was  made  perfectly  gas  tight.    The  cock  B  was 
then  clt)sed,  and,  after  the  surplus  whey  in  C  had  been  drained  out, 
the  apparatus  was  connected  to  the  vacuum  pump  in  the  usual  way. 
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When  the  pump  and  chamber  C  were  completely  exhausted,  the 
cock  B  was  opened.  It  was  foimd  that  the  gas  expanding  m  A 
drove  the  whey  ahnost  completely  up  through  the  interstices  of  the 
curd  and  into  C. 

An  interesting  point  was  observed.  Comparatively  little  of  the 
gas  came  from  the  whey^  while  the  major  portion  came  from  the  ctird 
particles.  Since  a  separation  of  whey  and  curd  was  accomplished, 
it  could  not  have  been  true  that  the  gas  evolved  from  the  curd  par- 
ticles originated  in  the  whey,  using  curd  particles  as  nuclei  for  the 
formation  of  bubbles.  Furthermore,  there  was  comparatively  little 
frothing  of  the  whey  in  C,  most  of  the  gas  collected  having  bubbled 
through  C  from  A.  Examination  of  curd  particles  will  show  why 
this  is  so;  for  they  have  adhering  to  them  minute  bubbles,  apparently 
froth  taken  up  during  the  stirring.  It  is  quite  evident  that  the  col- 
umn of  whey  in  C  through  which  the  gas  had  to  make  its  way  pre- 
vented a  very  complete  exhaustion.  Since  the  pumping  was  con- 
tinued several  hours  and  the  tube  then  allowed  to  stand  overnight 
before  the  final  pumping,  this  error  was  reduced  to  some  extent.  If 
occasion  arises  to  repeat  these  experiments  this  error  will  be  avoided. 

By  the  method  described,  1.35  c.  c.  of  gas  was  collected  in  one 
instance  and  0.86  c.  c.  in  another.  Of  this,  there  was  0.58  c.  c.  of 
nitrogen  in  one  case  and  0.39  c.  c.  in  the  other;  average,  0.5  c.  c. 
The  curd  was  roughly  estimated  to  represent  20  grams  of  cheese. 
Consequently  there  would  be  approximately  2.5  c.  c.  of  nitrogen 
per  100  grams  of  cheese.  How  this  nitrogen  would  partition  itself 
between  the  body  of  the  cheese  and  an  eye  is  a  question  whose  solu- 
tion would  be  mere  guesswork  without  further  data. 

While  the  2.5  c.  c.  per  100  grams  of  cheese  is  a  mere  approximation, 
and  a  figure  which  would  vaiy  not  only  with  the  extent  to  which  the 
curd  is  starred,  but  also  with  the  form  of  the  curd  particles  and  their 
ability  to  absorb  foam,  nevertheless  it  is  sufficiently  accurate  to 
show  that  a  large  part  of  the  free  nitrogen  found  in  cheese  comes  from 
occluded  air. 

DOES  NITBOOEN  ORIGINATE   IN   SITUf 

The  question  of  whether  any  of  the  nitrogen  found  in  the  eyes  is 
set  free  in  situ  is  a  difficult  one  to  answer,  and  one  which  can  not  be 
definitely  answered  without  further  research.  From  the  following 
considerations,  however,  it  is  highly  probable  that  it  is  not  produced 
diuing  the  course  of  that  reaction  which  furnishes  the  gas  to  distend 
the  eyes.  In  those  experiments  in  which  samples  from  a  cheese  at 
the  period  of  its  maximum  eye  formation  were  held  in  vacuo,  the 
nitrogen  in  the  evolved  gas  steadily  and  rapidly  declined  in  per- 
centage, finally  reaching  almost  nothing.  This  indicates  that  the 
nitrogen  collected  was  simply  that  dissolved  in  the  cheese,  and  as 
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this  was  removed  there  was  no  evolution  of  free  nitrogen  to  take  its 
place^  such  as  occurred  in  the  case  of  the  carbon  dioxid. 

RELATION  BETWEEN  CARBON  DIOZID  AND  VOLATILE  ACIDS. 

The  results  of  the  whole  investigation  show  clearly  that  the  only 
gas  which  plays  an  important  rdle  in  the  formation  of  normal  eyes  is 
carbon  dioxid.  This  is  in  entire  harmony  with  the  assumption  which 
has  heretofore  been  accepted  as  a  fact  by  various  authors. 

It  remains  to  be  seen  whether  there  is  any  quantitative  relation 
between  the  amount  of  carbon  dioxid  evolved  and  that  called  for  by 
the  process  to  which  Von  Freudenreich  and  Jensen  ascribe  the  forma- 
tion of  eyes. 

A  study  of  the  volatile  fatty  acids  of  Emmental  cheese  by  Jensen  *' 
disclosed  the  fact  that  they  are  chiefly  propionic  and  acetic,  and  that 
often  the  ratio  of  these  approximates  2:1. 

Fitz  ^  had  previously  shown  that  certain  bacteria  are  capable  of 
producing  this  ratio  of  propionic  and  acetic  acids  from  lactic  acid, 
and  he  ascribed  to  their  action  the  equation: 

3C,HeOa=2CaH«03-fC2HA+C02H-HaO 

lactic  propionic       acetic 

Subsequently  Von  Freudenreich  and  Jensen  •  isolated  from  Emmen- 
tal cheese  an  organism  which  did  ferment  lactates  according  to  the 
above  equation  of  Fitz,  and  whose  introduction  into  cheese  was  fol- 
lowed by  an  eye  formation  of  which  it  was  thought  to  be  the  cause. 

The  conclusion  seems  evident  that  here  is  an  organism  to  whose 
action  may  be  attributed  the  formation  of  normal  eyes. 

The  evidence  is  undoubtedly  the  clearest  that  has  yet  been  presented. 
^  There  are,  however,  one  or  two  points  which  will  bear  inspection 
before  the  theory  can  be  accepted  as  a  full  explanation. 

According  to  the  equation  of  Fitz  three  molecules  of  volatile  fatty 
acids  are  accompanied  by  the  liberation  of  one  molecule  of  carbon 
dioxid.  Consequently  it  can  be  shown  that  a  titer  of  1  c.  c.  of 
tenth-normal  alkali  for  these  volatile  fatty  acids  should  indicate  the 
liberation  of  0.74  c.  c.  of  carbon  dioxid  (N.  T.  P.)._If,  then,  it  is 
found  that  the  volatile  acids  from  100  grams  of  cheese  neutralize  100 
c.  c.  of  tenth-normal  alkali,  and  it  is  assumed  that  these  acids  are 
acetic  and  propionic  in  the  ratio  in  which  they  occur  in  Fitz's  equa- 
tion, we  would  have  Uberated  74  c.  c.  of  carbon  dioxid  per  100  grams 
of  cheese. 

Tliis  amount  of  gas  is  considerably  more  than  is  required  to  fill  the 
eyes,  but  the  question  remains  how  much  is  to  be  found  in  the  body 
of  the  cheese  itself. 

Reference  to  the  experiments  described  on  page  15  shows  that  at 
an  age  of  55  days  37.2  c.  c.  of  carbon  dioxid  per  100  grams  of  cheese 
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were  collected  after  the  cheese  has  been  held  in  vacuo  one  week.  At 
the  time  of  the  experiment  it  was  thought  that  this  gas  was  produced 
during  that  week.  After  the  study  which  shows  how  impermeable 
cheese  is,  this  view  had  to  be  modified,  for,  even  after  considerable 
pumping,  an  appreciable  quantity  of  gas  must  have  remained  and 
appeared  as  "evolved"  gas  at  the  end  oif  the  week.  *  In  order  to  make 
a  better  estimation  of  the  dissolved  gas,  plugs  of  this  same  cheese  (at 
an  age  of  4  months)  were  sliced  into  thin  disks  to  facilitate  the  removal 
of  dissolved  gas,  and  introduced  into  a  tube.  They  were  sealed  in 
with  the  usual  rubber  stopper  and  rubber-rosin  cement,  and  the  tube 
joined  to  the  merciyy  pump.  After  evacuating  the  pump  the  con- 
necting cock  was  opened  and  the  disks  of  cheese  evacuated.  The  air 
surrounding  them  in  the  tube  was  of  course  pumped  out  too.  The 
total  gas  thus  collected  after  5  hours  continuous  pumping  contained 
17.05  c.  c.  of  carbon  dioxid.  The  weight  of  cheese  was  42  grams. 
Hence,  there  were  collected  40.6  c.  c.  of  carbon  dioxid  per  100  grams  of 
cheese  (19  hours  later  0.9  c.  c.  of  carbon  dioxid  was  collected,  or  2.1 
c.  c.  per  100  grams  of  cheese). 

A  duplicate  determination  gave  46.2  c.  c.  of  carbon  dioxid  per  100 
grams  of  cheese  (with  an  additional  1.03  c.  c.  per  100  grams  after  19 
hours).  The  average  for  the  first  6  hours'  pumping  was  43.4  c.  c.  of 
carbon  dioxid  per  100  grams  of  cheese,  and  this  we  may  fairly  con- 
sider the  quantity  occluded  at  the  time  the  plugs  were  taken.  At 
the  same  age  (4  months)  the  volatile  fatty  acids  corresponded  to  40.9 
c.  c.  of  tenth-normal  alkali  per  100  grams  of  cheese. 

Similarly,  duplicate  determinations  of  dissolved  carbon  dioxid  and 
volatile  acids  in  an  excellent  imported  cheese  (No.  i)  gave  the  fol- 
lowing data:  Carbon  dioxid  per  100  grams,  67.8  c.  c.  and  54.8  c.  c, 
average  61.3  c.  c.  Total  volatile  fatty  acids  in  cubic  centimeters  of 
tenth-normal  alkali  per  100  grams  95.1  and  97.7,  average  96.4. 

Assuming  that  aU  the  volatile  fatty  acids  were  produced  in  strict 
accordance  with  the  equation  of  Fitz,  the  amount  of  these  acids  in 
the  first  cheese  indicates  that  there  had  been  liberated  30.6  c.  c.  of 
carbon  dioxid  against  43.4  c.  c.  found  occluded;  and  in  the  second 
cheese  the  liberation  of  71.3  c.  c.  of  carbon  dioxid  against  61.3  c.  c. 
found  occluded.  There  is  a  somewhat  striking  apparent  relation- 
ship in  this  data,  and  the  averages,  51.0  c.  c.  calculated,  against 
52.3  c.  c.  found,  are  in  such  dose  agreement  that  they  are  tempting. 
A  little  consideration  will  show,  however,  that  this  agreement  may  be 
only  accidental.  At  the  time  these  analyses  were  made  each  of  the 
chetees  had  probably  reached  a  state  of  little  activity.  The  volatile 
acids  represent  almost  entirely  the  total  amount  produced  in  the 
interior  from  which  the  samples  for  analyses  were  taken;  while,  if 
we  are  to  accept  the  results  on  Cheddar  cheese  by  Van  Slyke  and  Hart 
as  at  all  applicable  to  Emmental,  it  is  certain  that  a  considerable 
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quantity  of  carbon  dioxid  must  have  escaped  in  the  months  since 
manufacture.  Furthermore,  although  the  actual  volume  of  the  eyes 
represents  but  a  small  portion  of  the  gas  in  a  given  volume  of  cheese, 
the  normal  volume  of  this  gas  in  the  eyes  leaps  into  considerable 
significance  when  it  is  remembered  that  it  must  have  been  under 
considerable  presstire.  That  it  is  under  pressure  was  made  evident 
in  some  cases  by  its  vigorous  escape  when  using  the  puncturing 
apparatus  for  its  collection. 

Unfortunately  long  delay  in  obtaining  apparatus  suitable  for  a 
study  of  the  gas  escaping  from  cheese,  as  was  done  by  Van  Slyke  and 
Hart  for  Cheddar,  have  made  it  impossible  to  present  any  data  on 
this  point.  As  before  mentioned,  the  data  on  carbon  dioxid  evolved 
from  plugs  of  cheeses  taken  at  thiB  height  of  their  gaseous  fermenta- 
tion and  kept  in  vacuo  a  week  is  complicated  by  the  fact  that  there 
was  probably  a  alow  yielding  of  dissolved  gas  from  the  solid  plugs  as 
well  as  the  normal  production  of  gas.  Two  other  experiments,  how- 
ever, indicate  to  what  extent  carbon  dioxid  was  being  formed  during 
this  period  of  maximum  fermentation. 

Portions  of  cheese  W  2  from  regions  without  eyes  were  carefully 
selected  and  sealed  up  in  a  tube  as  described  on  page  14.  The  eye 
membranes  were  carefully  removed  from  a  large  number  of  eyes 
and  similarly  treated.  The  tubes  were  simultaneously  exhausted 
with  a  Boltwood  pump  for  several  hours.  Since  in  these  cases  the 
cheese  was  in  a  more  finely  divided  state,  it  is  reasonable  to  assume 
that  predissolved  gas  was  pretty  thoroughly  removed.  After  exhaus- 
tion, the  tubes  were  sealed  off  in  a  blowpipe  flame  and  held  at  25^  C. 
for  seven  days.    At  the  end  of  this  period  the  gas  was  collected: 

34  grams  eye  membranee  gave  14.95  c.  c.  of  gas,  99.3  per  cent  of  carbon  dioxid, 

or  44  c.  c.  per  100  grams. 
36  grams  from  regions  without  eyes  gave  10.06  c.  c.  of  gas,  98.2  per  cent  of  carbon 

dioxid,  or  28  c.  c.  per  100  grams. 

From  this  one  pair  of  experiments  it  is  not  advisable  to  claim  con- 
fidently that  the  eye  surfaces  always  produce  the  much  larger  quantity 
of  carbon  dioxid,  although  this  is  plainly  evident  in  the  above  case. 
The  significant  fact  is  that  such  a  large  quantity  was  produced  by 
each  region  in  the  period  of  only  one  week.  Of  course  it  may  be 
claimed  that  although  the  division  of  the  cheese  was  done  in  a  dust- 
free  room  and  with  sterile  instruments,  and  the  cheese  introduced 
into  sterile  tubes,  yet  the  long  manipulation  admitted  a  heavy 
reinoculation  by  bacteria,  and  that  these  produced  a  renewed  evolu- 
tion of  carbon  dioxid.  Such  an  ai^ument  can  not  be  completely 
refuted,  but  the  probability  of  a  heavy  enough  infection  is  small. 
The  most  likely  source  of  carbon  dioxid  producing  infection  was  by 
molds,  but  these  could  not  have  grown  in  the  complete  anaerobic 
condition  in  which  the  cheese  quickly  found  itself. 
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The  following  experiment  serves  to  confirm  the  last.  Into  a  steri- 
lized combustion  tube  were  quickly  slipped  plugs  of  cheese  taken 
with  sterile  instruments.  Each  end  of  the  tube  was  guarded  with 
cotton  plugs.  Carbon  dioxid  free  air  was  then  passed  through,  and 
the  carbon  dioxid  evolved  from  the  cheese  absorbed  in  the  customary 
train  with  all  due  precautions  for  exact  estimation  of  carbon  dioxid. 
In  the  case  of  this  experiment  we  woidd  expect  a  higher  amount  of 
carbon  dioxid,  since  there  would  be  collected  not  only  the  carbon 
dioxid  produced,  but  a  large  portion  of  the  predissolved  carbon 
dioxid.    Such  was  found  to  be  the  case. 

One  hundred  and  five  grams  in  plugs  taken  from  cheese  W  1  when 
at  the  height  of  its  fermentation  gave: 

First  24  hours,  81.6  c.  c.  of  carbon  dioxid. 
Second  24  houra,  66.7  c.  c.  of  carbon  dioxid. 
Third  24  hours,  44.5  c.  c.  of  carbon  dioxid. 
Fourth  24  hours.  63.7  c.  c.  of  carbon  dioxid. 

The  increase  on  the  fourth  day  was  thought  to  be  due  possibly  to 
growth  of  molds  with  which  Van  Slyke  and  Hart  found  difficulty  in 
their  work  on  Cheddar  cheese.  The  experiment  was  therefore  dis- 
continued, although  no  growth  was  visible. 

A  final  word  must  be  urged  against  the  too  liberal  use  of  the  equa- 
tion of  Fitz.  As  a  terse  representation  of  the  probable  relation  of 
the  end  products  the  equation  has  a  legitimate  use.  As  a  compre- 
hensive portraiture  it  is  colored  with  presumption.  The  literature  of 
fermentation  is  Uttered  with  equations,  two  or  three  members  of 
which  are  known  to  stand  in  certain  quantitative  relationships,  while 
the  other  members  are  given  values  which  fit.  This  stoichiometrical 
adjusting  is  particularly  true  of  the  gaseous  products.  One  has  only 
to  review  the  literature  on  the  gas  production  of  B.  coli  to  assure 
himself  of  the  fact. 

While  Von  Freudenreich  and  Jensen's  use  of  the  Fitz  equation  has 
been  interpreted  quite  rigidly  in  the  preceding  pages,  this  was  done 
simply  as  a  test.  From  this  basis  alone  one  can  not  reasonably  jump 
to  a  final  conclusion;  but  it  must  be  remembered  that  the  liberal  use 
made  of  the  Fitz  equation  was  generous  to  the  theory  of  Von  Freuden-- 
reich  and  Jensen  in  that  aU  the  volatile  fatty  acids,  as  determined  by 
Jensen's  method,  were  assumed  to  have  been  produced  in  accordance 
with  this  equation. 

From  a  comprehensive  view  of  the  matter  it  appears  to  be  quite 
evident  that  the  theory  of  Von  Freudenreich  and  Jensen  is  not 
capable  of  accoimting  for  all  the  carbon  dioxid  produced.  Indeed, 
it  is  not  necessary  nor  expected  that  it  shoiild,  but  we  have  reached  a 
point  where  it  has  become  advisable  to  distinguish  between  a  primary 
and  a  secondary  cause  of  eye  formation,  and  to  at  least  define  clearly 
what  we  mean  when  we  attribute  to  any  organism  or  to  any  reaction 
the  function  of  forming  eyes. 
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Suppose  that  the  propionic  bacteria  are  active,  but  that  they  are 
never  sufficiently  localized  to  concentrate  carbon  dioxid  rapidly  enough 
at  one  point  to  produce  an  eye.  In  this  case  the  gas  would  be  more 
or  less  evenly  produced  throughout  the  body  of  the  cheese.  Now 
this  state  of  more  or  less  complete  saturation  of  the  body  with  car- 
bon dioxid  is  exactly  the  condition  necessary  for  the  most  advan- 
tageous eye  formation  by  any  other  reaction  which  may  follow,  else 
the  gas  evolved  at  a  point  would  be  laigely  absorbed  and  its  inflating 
energy  dissipated.  Of  course  it  can  be  said  that  this  saturation 
proceeds  from  the  point  where  the  eye  is  formed,  and  that  the  delay 
observed  before  an  eye  commences  to  grow  represents  the  time 
necessary  to  effect  this  saturation. 

This,  however,  is  merely  presenting  the  other  horn  of  a  dilemma 
from  which  escape  is  possible  only  when  the  localization  of  the  propi- 
onic bacteria  is  conclusively  demonstrated.  Gorini  *  has  contended 
that  the  localization  of  colonies  may  often  be  of  as  great  importance 
as  their  isolation;  and  it  is  interesting  to  note  that  he  found  no  cor- 
relation between  the  colonies  which  stained  on  his  sections  of  Grana 
cheese  and  the  gas  bubbles. 

If,  then,  we  distinguish  between  a  '' saturating''  gas  production 
and  an  ''inflating"  gas  production,  we  will  have  at  least  defined  a 
possibility  which  must  be  squarely  met,  and  a  hypothesis  which  may 
lead  to  a  differentiation  between  a  primary  and  a  secondary  cause  of 
eye  growth. 

The  favorable  results  obtained  with  cheese  inoculated  with  pro- 
pionic bacteria  indicate  that  they  may  play  an  important  r61e.  But 
is  this  r61e  primary  or  secondary  ?  Is  it  a  strictly  localized  action  or 
is  it  simply  the  provision  of  that  saturation  without  which  some 
primary  and  strictly  localized  reaction  would  be  without  avail  ?  The 
same  question  arises  in  the  case  of  the  glycerin-fermenting  bacteria 
to  which  Troili-Petersson  *•  has  ascribed  an  important  rdle  in  the 
holing  of  Swedish  cheeses.  In  fact  experimental  cheesemaking  of  the 
past,  though  not  so  thoroughly  controlled  as  in  the  experiments  of 
Troili-Petersson  and  thos^  of  Von  Freudenreich  and  Jensen,  bear 
evidence  that  any  one  of  a  number  of  gas-producing  bacteria  may 
provide  the  saturation,  not  to  mention  those  reactions  which  Van 
Slyke  and  Hart  "  have  proposed  as  contributing  to  the  carbon  dioxid 
in  Cheddar  cheese.  On  the  other  hand,  any  one  of  these  may  be  the 
primary  "inflator"  and  the  other  the  secondary  ''saturator." 

In  this  connection  it  may  be  of  interest  to  note  a  peculiar  phe- 
nomenon met  with  in  some  experimental  cheeses.  A  number  of 
these  made  with  "artificial"  rennet  by  Mr.  Doane  were  reported  in 
their  early  stages  to  have  begun  a  normal  eye  formation.  Seldom, 
however,  did  tins  beginning  develop  into  a  normal  holing.  These 
cheeses  were  of  small  size,  and,  since  it  is  known  that  small-sized 
cheeses  for  some  reason  not  yet  clearly  defined  seldom  develop  large 
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eyes,  the  failure  in  these  cases  may  on  general  principles  be  vaguely 
attributed  to  size.  However  that  may  be,  it  was  found  upon  pump- 
ing out  the  dissolved  gas  that  the  amount  was  low.  The  three 
cheeses  examined  were  39-45,  39-11-2,  and  46-4-1.  (See  Table  2, 
p.  12.) 

It  is  well  known  from  the  work  of  Jensen  and  others  that  the  bac- 
teria found  in  "natural"  rennet  are  often  distinct  from  those  found 
in  ' 'artificial"  rennet.  Since  the  cheeses  under  discussion  were  made 
with  the  latter,  is  it  not  possible  that  the  reaction  which  started  the 
eye  formation  was  rendered  inadequate  because  the  gas-producing 
propionic  bacteria,  which  might  have  saturated  the  cheese  with 
carbon  dioxid,  were  absent?  That  the  observed  holes  were  truly 
the  beginnings  of  normal  eyes,  and  were  not  a  pinhole  formation 
resulting  from  an  initial  gaseous  fermentation  of  sugar,  is  evinced 
by  the  fact  that  hydrogen  was  absent. 

Exhaustive  research  alone  can  unravel  this  tangle;  but  it  is  hoped 
that  the  present  investigation  has  provided  both  a  clearer  definition 
of  the  problem  and  a  sound  basis  of  fact. 

SUMMARY. 

1.  The  gases  of  normal  "eyes"  in  Emmental  cheese  are  exclu- 
sively carbon  dioxid  and  nitrogen,  and  of  these  only  the  carbon 
dioxid  is  of  significance. 

2.  The  nitrogen  accompanying  the  carbon  dioxid  in  normal  eyes  is 
that  of  air  originally  occluded  in  the  curd  at  the  time  of  manufacture. 

3.  There  sometimes  occurs  during  the  initial  fermentation  an  evo- 
lution of  gas  characterized  by  the  presence  of  hydrogen.  This  is 
believed  to  be  due  to  the  gaseous  fermentation  of  sugar. 

4.  The  hydrogen  from  such  an  initial  fermentation  may  sometimes 
linger  to  contaminate  the  gas  of  normal  eyes. 

6.  The  two  fermentations  are  distinct  and  are  characterized  by  their 
gaseous  products.  The  one  is  detrimental,  the  other  that  demanded 
of  a  good  Emmental  cheese. 

6.  High  oxygen-absorbmg  power  combmed  with  low  permeability 
of  the  cheese  to  air  render  the  interior  thoroughly  anaerobic,  and  conse- 
quently favorable  to  the  growth  of  anaerobic  bacteria. 

7.  A  comparison  between  the  amount  of  carbon  dioxid  evolved 
and  the  total  volatile  fatty  acids  shows  that  the  activity  of  the  pro- 
pionic bacteria  of  Yon  Freudenreich  and  Jensen  is  not  sufficient  to 
account  for  all  the  carbon  dioxid  found. 

8.  It  was  found  that  cheese  is  capable  of  retaining  a  very  large 
amount  of  carbon  dioxid. 

9.  The  possibility  is  suggested  that  there  are  two  phases  in  the  for- 
mation of  normal  eyes,  a  saturation  of  the  body  with  carbon  dioxid, 
and  an  inflation  of  eyes;  and  the  bearing  of  this  hypothesis  on  the 
production  of  gas  by  a  specific  cause  is  discussed. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculttjbe, 

Bureau  of  Animal  Industry, 
WashiTigUm,  D.  C,  April  25,  1912. 

Sn^:  In  Bulletin  130  of  this  bureau  there  were  reported  the  results 

of  one  year's  investigations  of  the  biology  of  the  Texas-fever  tick 

which  were  carried  on  during  1907  and  1908  at  Auburn,  Ala.,  by 

cooperation  between  the  Alabama  Polytechnic  Institute  and  this 

bureau.    The  work  was  continued  for  another  year,  and  I  have  the 

honor  to  transmit  herewith  a  supplementary  report  by  Dr.  H.  W. 

Graybill  and  Mr.  W.  M.  Lewallen,  giving  the  results  of  the  second 

year's  experiments  (1908-9).    As  this  information  has  a  bearing  on 

the  cooperative  work  now  being  carried  on  by  the  bureau  and  the 

authorities  of  certain  States  for  the  eradication  of  the  cattle  tick,  I 

recommend  its  publication  as  a  bulletin  of  this  bureau. 

Respectfully, 

A.  D.  Melvin, 

Chief  of  Bureau . 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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STUDIES  ON  THE  BIOLOGY  OF  THE  TEXAS-FEVER  TICK. 

(SUPPLEMENTARY  REPORT.) 


INTRODUCTION. 

Dunng  1907-8  the  Zoolc^cal  Division  of  the  Bureau  of  Animal 
Industry  conducted  a  year's  experiments  on  the  life  history  of  the 
Texas-fever  tick  at  Auburn,  Ala.,  in  cooperation  with  the  veterinary 
department  of  the  Alabama  Polytechnic  Institute.  The  results 
obtained  during  the  course  of  those  investigations  have  been  pub- 
lished in  Bulletin  130  of  the  Bureau  of  Animal  Industry.  The  work 
was  continued  for  another  year  (1908-9)  along  the  same  but  some- 
what less  extensive  lines.  Mr.  W.  M.  LewaUen,  who  assisted  in  the 
first  year's  work,  had  charge  of  the  experiments  during  the  second 
year. 

The  second  year's  work  was  undertaken  for  the  purpose  of  obtain- 
ing additional  data  on  the  nonparasitic  periods  in  the  life  history  of 
the  tick,  and  to  determine  what  variations  might  take  place  in  the 
duration  of  these  as  a  result  of  yearly  variations  in  weather  conditions. 

METHODS  OP  STUDY. 

The  methods  of  study  employed  were  the  same  as  those  used  the 
first  year.  The  indoor  experiments  were  conducted  by  the  use  of 
incubation  tubes,  and  these  were  checked  by  outdoor  experiments 
conducted  in  field  plots  representing  natural  conditions.  The  incu- 
bation tubes  used  were  the  vertical  type  provided  with  a  glass  tube 
inserted  into  the  bottom  for  the  purpose  of  supplying  the  sand  with 
moisture,  shown  in  figure  1,  Bulletin  130,  Bureau  of  Animal  Industry. 
The  field  plots  were  the  same  as  those  used  in  the  first  year's  work 
(fig.  3,  Bulletin  130),  being  2  feet  square.  They  were  protected  from 
the  intrusion  of  small  animals  by  means  of  a  wire-netting  fence. 

In  the  indoor  experiments  the  ticks  were  handled  the  same  as  during 
the  first  year.  Four  engorged  ticks  were  collected  at  the  beginning 
of  each  month,  and  each  was  placed  in  a  dish  by  itself,  where  it 
remained  imtil  oviposition  was  completed.  At  the  end  of  every  24 
hours  the  eggs  were  removed  from  each  tick,  counted,  and  placed  in 
an  incubation  tube  marked  with  the  nimiber  assigned  the  tick  and 
the  date  the  eggs  were  removed.  The  dates  when  the  eggs  in  each 
tube  began  and  completed  hatching,  and  when  the  first  and  last  larvsB 
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died,  were  recorded,  and  finally  the  per  cent  of  eggs  that  hatched  was 
determined.  The  indoor  experiments  were  conducted  in  an  miheated 
room,  the  windows  of  which  were  constantly  open. 

In  the  outdoor  experiments  two  sets  of  plots  were  run,  one  located 
in  a  place  shaded  a  part  of  the  day  and  the  other  in  the  sun.  In  each 
plot  10  engorged  females  were  placed. 

PRBOVIPOSITION  PERIOD. 

,  The  minimum  preoviposition  period  noted  was  2  days,  which 
occurred  in  the  case  oi  ticks  collected  in  August.  Ticks  collected  in 
August  the  first  year  had  a  minimum  period  of  2  days,  but  the  mini- 
mum for  the  year  (1  day)  was  observed  in  the  case  of  a  tick  collected 
in  April.  The  maximum  period  (29  days)  was  exhibited  by  ticks 
collected  December  2,  and  the  maximum  for  the  first  year  (98  days) 
was  observed  in  the  case  of  a  tick  collected  November  30. 

From  the  table  Gsst  column)  it  will  be  noted  that  the  average  pre- 
oviposition periods  increase  month  by  month  from  the  minimum  to 
the  maximum,  and  then  decrease  again  to  the  minimum.  A  similar 
increase  and  decrease  were  also  shown  in  the  case  of  averages  for  the 
first  year's  experiments  in  the  horizontal  tubes,  but  in  the  case  of  the 
ticks  used  for  the  vertical-tube  experiments  the  averages  for  April 
and  June  were  greater  than  for  March. 

Preovipontion  period— Range  and  average  length  of  periods. 


Date  ticks  were 
collected. 


1908. 

Augusts 

September  1. 
October  1... 
November  2. 
December  2. 


Range  of 

Average 

Number 

preoTl- 

ofpreovi- 

of  ticks. 

positkm 

IMsltioii 

periods. 

periods. 

Dapa. 
2to  4 

Dapa, 
3 

3to  6 

4 

6  to  11 

7.8 

7to  9 

8.3 

17  to  20 

25.5 

Date  ticks  were 
collected. 

Number 
of  ticks. 

Rangeof 
preovi- 
position 
periods. 

1009. 

January  1 

February  4 

March  1 

Dapa. 
22  to  24 

18  to  20 

9  to  16 

9  to  10 

8 

April  2 

July  2 

Average 
of  preovi- 
position 
periods. 


Dapa, 
28 
10.3 
11.8 

0.8 
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OVIPOSITION  PERIOD. 

The  longest  oviposition  period  noted  was  82  days,  observed  in  the 
case  of  a  tick  which  began  ovipositing  in  January.  A  tick  in  the  first 
year's  experiments  which  began  to  lay  eggs  in  January  had  an  ovi- 
position period  of  .91  days,  but  the  longest  period  was  exhibited  by  a 
tick  which  began  ovipositing  in  November  ai^d  continued  to  lay  eggs 
for  152  days.  The  second  year  the  shortest  period  (7  days),  as  weU 
as  the  longest,  occurred  in  January.  The  tick  giving  this  period, 
however,  deposited  only  305  eggs,  an  exceptionally  small  number. 
The  shortest  period  the  first  year  was  3  days,  and  this  occurred  in  June. 
The  average  oviposition  periods  for  the  first  year  increased  month  by 
month  from  a  minimum  in  «lune  to  a  maximum  in  November,  and 
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gradually  decreased  again  in  the  succeeding  months.  During  the 
second  year  the  same  tendency  was  shown,  the  periods  increasing 
from  a  minimum  in  August  to  a  maximum  in  November,  and  then, 
following  a  sudden  decrease  for  December,  there  was  an  increase  for 
January  and  February,  after  which  the  decrease  was  regular  for  the 
remaining  months. 

Oviposition  period — Range  and  average  length  of  periods. 


Month     oviposl- 
tkm'began. 

Nnmber 
of  ticks. 

Range 
of  ovi- 
position 
periods. 

Average 
of  ovi- 
position 
periods. 

Month    oviposi- 
tion began. 

Nnmber 
of  ticks. 

Range 

ofovi- 

position 

periods. 

Average 

ofovT- 

position 

periods. 

1006. 
August 

4 

Daps. 
13  to  16 
9tol8 
13  to  36 
66  to  63 
30  to  42 

7  to  82 

Daft. 
14.3 
14.8 
25.3 
69.5 
34.5 

46.8 

1909. 

February 

March 

Daft. 
37  to  69 
22  to  42 
26  to  32 
19  to  27 

11  to  19 

12  to  17 

Dofs. 
46.8 

September 

October 

88.3 

April 

29 

November 

May 

23.8 

Pewmber 

Jane 

16.8 

July 

U.8 

1909. 

INCUBATION  PERIOD. 

The  range  of  the  incubation  periods  of  the  lots  of  eggs  laid  by  each 
tick  is  given  in  the  table  in  the  Appendix.  The  range  of  the  period 
for  the  second  year  was  18  to  176  days,  as  compared  with  19  to  188 
days  for  the  first  year.  In  the  table  below  only  the  periods  from  the 
time  the  eggs  were  deposited  mitil  the  first  eggs  hatched  in  each  lot 
have  been  used^  and  these  are  referred  to  for  convenience  as  the  mini- 
mum incubation  periods.  The  periods  to  the  hatching  of  the  last 
eggs  in  each  lot  have  been  included  in  the  table  in  the  Appendix. 
The  longest  minimum  incubation  period  for  both  the  first  and  the 
second  year  occurred  in  the  case  of  lots  of  eggs  deposited  .during  the 
month  of  October,  being  173  days  for  the  second  year  and  180  days 
for  the  first  year.  The  shortest  period  for  the  second  year  was  18 
days  and  was  observed  in  the  case  of  lots  of  eggs  deposited  during 
the  month  of  June,  while  the  lots  deposited  during  the  same  month 
of  the  first  year  gave  a  minimum  period  of  22  days.  The  shortest 
period  for  the  first  year  (19  days)  was  furnished  by  lots  of  eggs  depos- 
ited during  the  months  of  July  and  August. 

By  comparing  the  averages  in  the  table  below  it  will  be  observed 
that  they  increase  from  August  to  October  and  decrease  for  the  re- 
maining months,  except  in  the  case  of  the  average  for  July,  which 
shows  a  slight  increase.  In  case  of  the  averages  for  the  first  year  it 
is  noted  that  they  increase  for  the  months  of  August  to  October  and 
decrease  for  the  remaining  months  without  interruption. 
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Minimum  incubation  period — Range  and  average  length  of  periods. 


Month  <^gs  de- 
posited. 


190B. 

August 

September. 

October 

November. 
December.. 

19D0. 
January..., 


Number 

Range  of 

Average 

of  lots. 

periods. 

of  periods. 

Day*. 

n'-i 

52 

20to   30 

49 

32to   70 

44.8 

49 

141  to  173 

158.7 

66 

151  to  171 

157.5 

21 

139  to  158 

150.3 

70 

103  to  141 

121.6 

Month  eggs  de- 
posited. 


1909 
February 

March 

April 

May 

Jane 

July 


Number 

Range  of 

of  lots. 

periods. 

Dayt. 

48 

82  to  107 

170 

5Sto  90 

141 

38  to  65 

90 

26to  39 

47 

IS  to   26 

51 

22  to   27 

Average 
of  periods. 


Dayt. 
95.5 
71.5 
47.5 
30.6 
22.9 
24.5 


HATCHING  PERIOD. 

The  maximum  hatching  period  for  the  second  year  was  52  days 
and  for  the  first  year  49  days,  and  in  the  case  of  both  years  this 
period  belonged  to  a  tick  whose  eggs  began  to  hatch  during  the 
mqnth  of  October.  The  shortest  hatching  period  for  the  second  year 
was  6  days  and  occurred  in  the  case  of  a  tick  whose  eggs  began  to 
hatch  in  May,  while  for  the  first  year  the  minimum  period  for  the 
same  month  was  9  days.  The  shortest  period  during  the  first  year 
(4  days)  fell  to  the  month  of  July.  It  is  noted  by  referring  to  the 
averages  in  the  table  below  that  those  for  October  and  February  are 
the  same,  and  for  the  remaining  months,  with  the  exception  of  the 
break  shown  by  May,  there  is  a  decrease,  month  by  month,  of  the 
averages.  In  the  firat  year's  work  the  averages  increased  from  that 
for  July  to  the  maximum,  which  is  for  the  month  of  October,  and 
decreased  for  the  remaining  months,  except  for  a  slight  increase  for 
the  month  of  June. 

Hatching  period — Range  and  average  length  of  periods. 


m 

Month  hatching 
began. 

Number 
of  ticks. 

Range  of 
hatching 
periods. 

Average 
ofhatch- 

periods. 

Month  hatching 
began. 

Number 
of  ticks. 

Ranfeof 
hatcning 
I>6rlods. 

Average 
ofhatfSi- 

ing 
periixlB. 

1908. 
Aufust 

4 
4 

1 

Dayt, 
17  to  27 
47  to  52 

50 

Days. 
21.5 
50 

50 

1900. 
March 

2 
4 

20 
4 

8 

Day9. 
33  to  46 
18  to  21 
6to21 
12  to  18 
11  to  21 

Day*. 
39.5 

Ootober 

April 

19.3 

May 

13.8 

1909. 

^CJ 

June 

16 

Febn'ftiy 

July 

14.5 

1 

LONGEVITY  PERIOD. 

The  longest  and  shortest  longevity  periods  obtained  for  the  lots 
of  larvse  belonging  to  each  tick  are  given  in  the  table  in  the  Appendix. 
The  time  to  the  death  of  the  first  larv»  in  each  lot  is  referred  to 
in  the  table  below  as  the  minimum  longevity  period  and  that  to  the 
death  of  the  last  larvse  as  the  maximum  longevity  period.  The 
longest  maximum  longevity  period  for  the  second  year  was  249 
days,  as   compared  with  234   days   for  the   first  year,  and   both 


TIME  OF   NONPARASITIC   DEVELOPMENT. 


occurred  in  the  case  of  lots  of  eggs  which  began  to  hatch  during 
the  month  of  October.  In  referring  to  the  averages  it  will  be 
noted  that  there  is  no  regular  increase  and  decrease  to  and  from 
the  inaxiinum,  and  the  same  was  noted  in  the  case  of  the  first 
year's  experiments.  This  is  no  doubt  due  to  the  fact  that  tem- 
perature, while  it  plays  some  part,  is  not  a  controlling  factor  in 
the  longevity  of  larv8B  as  it  is  in  the  case  of  the  preoviposition, 
oviposition,  hatching,  and  intubation  periods.  The  range  of  the 
averages  for  the  months  of  August  to  November  of  the  second  year 
is  104.5  to  213.7  days,  whereas  the  range  for  the  same  months  of  the 
first  year  is  56.2  to  167.4  days.  The  range  of  the  averages  for  the 
rest  of  the  months  of  the  second  year  is  63.3  to  77.6  days,  as  com- 
pared with  a  range  of  38.6  to  73.2  for  the  remaining  months  of  the 
first  yeai:. 

Longevity  period, — Range  of  maximum  and  minimum  longevity  and  average  o/maximtan 

longevity. 


Month  lots 

began  to 

hatch. 


1908. 
Aogust..... 
September. 
October.... 
November. 

1909. 
March. 


Num- 
ber 
of 
lots. 


6 
46 
31 
18 


30 


Range  of 

Tnlnimnm 

longevity 
peiiods. 


Dapt. 
16  to  36 

6  to  62 
13  to  165 
51  to  146 


lOto   42 


Range  of 

longevity 
periods. 


Daft, 
99  to  192 
fi0to218 
80  to  249 
58  to  223 


10  to  112 


Average 
of  max- 
imum 
longevity 
periods. 


Dav». 
121.8 
104.5 
213.7 
149.9 


71.6 


Month  lots 

began  to 

hatch. 


1909. 

AnrO 

May 

June 

July 

August.... 


Num- 
ber 
of 
lots. 


72 

355 

180 

56 

42 


Range  of 
minimum 
longevity 

periods. 


2>ap9, 

6  to  60 

8  to  87 
7to85 

9  to  48 

7  to  47 


Range  of 

longevity 
poiods. 


Davt. 
31  to  110 
14  to  119 
25  to  139 

9  to  106 
31  to  118 


Average 

of  max- 
imum 
loiigey- 

periods. 


Poft. 
75.3 
77.6 
66.1 
63.3 
64.6 


ENTIRE  TIME  OF  NONPARASITIC  DEVELOPMENT. 

The  entire  time  for  each  individual  tick  and  its  progeny,  i.  e.,  the 
time  from  dropping  to  the  death  of  all  the  larvsB;  is  given  in  the  table 
in  the  Appendix.  The  longest  entire  time  during  the  second  year 
(297  days  J  was  obtained  in  the  case  of  ticks  collected  September  1, 
while  the  longest  period  for  the  first  year  (288  days)  occurred  in 
the  case  of  ticks  collected  October  1.  The  shortest  period  for  the 
second  year  was  96  days  and  for  the  first  year  79  days,  and  both 
occurred  in  the  case  of  ticks  collected  the  first  part  of  June.  The 
averages  for  the  first  year  increase  month  by  month  from  June  to  a 
maximum  for  October,  and  then  decrease  for  the  remaining  months^ 
except  that  the  averages  for  February  and  March  are  the  same. 
The  averages  for  the  second  year,  given  in  the  last  column  of  the 
table  below,  do  not  increase  to  and  decrease  from  the  maximum 
without  deviations,  as  do  those  for  the  first  year. 
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Entire  time  ofnonparantic  developtMnt. 


Date  engorged 

females  were 

collected. 

Numbei; 

of 
engorged 
females. 

Range  of 

entire-time 

periods. 

Avenge 

of 
periods. 

Date  engorged 

females  were 

collected. 

Number 

of 
engorged 
females. 

Range  of 

entire-time 

periods. 

Avenge 

of 
periods. 

1906. 
Augusts 

4 

4 
3 
4 
4 

DapB. 
143  to  254 
258  to  297 
271  to  280 
274to288 
257  to  268 

J>aM. 
200.6 
280 

279.3 

282 

264.8 

1909. 

January  1 

February  4 

March  1 

Dapt, 

202  to  253 
204  to  230 
185  to  207 

139  to  164 

140  to  185 
96  to  127 

110  to  149 

"Xi 

September  1..  <■.... 
October  1 

218.6 
196.8 

November  2 

April  2 

154 

December  2 

Mayl(7) 

June2(7) 

July  2 

156.6 
117 
129.  HL 

NUMBER  OF   EGGS   LAID  AND  PERCENTAGE   HATCHED. 

During  the  second  year  the  minimum  number  of  eggs  laid  by  a 
tick  was  305  and  the  maximum  4,492.  The  average  number  of  e^s 
laid  by  the  various  lots  of  ticks  ranged  from  1,885  to  4,262.  The 
lowest  percentage  of  eggs  hatched  was  3  per  cent  and  the  highest 
98  per  cent.  The  percentage  of  eggs  hatched  in  the  case  of  ticks 
collected  during  December,  January,  and  February  ranged  from  3  to 
60  per  cent.  For  the  first  year  the  minimum  number  of  eggs  laid 
was  357  and  the  maximum  number  was  5,105,  and  the  averages 
ranged  from  1,811  to  4,089.  The  percentage  of  eggs  hatched  ranged 
from  0  to  98  per  cent. 

Egg  laying  and  hatehing —  Total  and  average  number  ofegge  laid  and  per  cent  hatched. 


Date  col- 
lected. 

Num- 
ber 
of 

ticlm. 

Number 

of  eggs 

depooted. 

Ayerege 
number 
of  eggs. 

Per  oent 

of  eggs 

hatched. 

Date  col- 
lected. 

Num* 

ber 

of 

tickR. 

Number 
depcSted. 

Avenge 
number 
of  eggs. 

Per  oent 

of  eggs 

hatched. 

1906. 
August  5. . . 
September  1 
October  1.. 
November  2 
December  2 

8,962  to  4,492 
2,797  to  3,654 
1,588  to  3,848 
2,215  to  3,329 
1,496  to  2,201 

4,262 
3,252 
2,768 
2,975 
1,885 

48  to  97 
92  to  98 
9to61 
62  to  71 
11  to  27 

1909. 
January  1.. 
February  4. 
March  1.... 

April2 

liayli 

June 2  < 

July  2 

a05  to  3,723 
1,993  to  2,970 
1,380  to  3,361 
1,741  to  3,065 
3, 181  to  4, 178 
1,640  to  3,003 
2,214  to  3,710 

2,615 
2,568 
2,352 
2,476 
8,674 
2,180 
2,948 
* 

StoOO 
11  to  41 
61  to  98 
86  to  96 
69  to  93 
60  to  97 
96  to  96 

1  Ticks  were  collected  May  1  and  2. 


>  Ticks  were  collected  June  2,  3,  4,  and  5. 


COMPARISON    OF    RESULTS    OP    INDOOR    AND    OUTDOOR 

EXPERIMENTS. 

In  the  next  table  the  dates  when  the  first  eggs  hatched  and  when 
all  the  larvae  were  dead  in  each  month's  experiments,  indoors  and 
outdoors,  are  given  for  purposes  of  comparison.  These  dates  are  of 
much  practical  importance  in  eradication  work  when  rotation  methods 
are  employed,  since  the  dates  when  the  first  eggs  hatched  are  those  on 
which  ticky  cattle  placed  on  tick-free  land  on  dates  corresponding 
to  those  on  which  the  experiments  were  begun  will  be  in  danger  of 
reinfestation,  and  the  dates  on  which  all  larvsB  were  dead  are  the 
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dates  on  which  pastures  from  which  all  animals  have  been  removed 

will  be  free  of  ticks. 

« 

Compariaon  o/reoords  of  vertical  tubes  and  field  plots,  Auburn^  Ala.,  1908-9. 


Vertical  tubes. 


Date  females  were  collected. 


1908. 

Augusts 

September  1 

October  1 

November  2 

I>eoember2 

1909. 

January  1 

Febraar7  4 

Marohl 

April  2 

May  1-2 

June  2^ 

Jiily2 


Dateflzst 

agKs 
hatred. 


Aug.  30 
Oct.  7 
Feb.  25 
Apr.  22 
Mtay  11 


Ifay  19 
liay  21 

May  24 
Hay  28 

Jane  10 
July  2 
July  28 


Date  all 
larvBB 
were 
dead. 


Apr.  16 
June  25 
July  8 
Aug.  17 
Aug.  27 


Sept.  11 
S^t  22 
Sept.  24 
Sept.  13 
Nov.  2 
Oct.  7 
Nov.  28 


Field  plots. 


Date  females  were  collected. 


I  Date  flzst 

eggs 
hatched. 


1908. 


August  5-6. . 
September  1. 
October  1... 
November  2. 


January  1. 
February  1-4. 

March  1-3 

April  2 

May  1-2 

June  2^ 

July  1-2 


1909. 


Aug.  31 
Nov.  23 
Apr.  19 
May  10 


May  21 
May  20 


10 

May  26 

June  12 
June  28 
July  26 


Date  all 
larvsQ 
were 
dead. 


Apr.    8 

UAY  22 

June  23 

Do. 


July  30 
Aug.  6 
Aug.  25 
Sept  11 

Do. 
OcL     2 
Nov.  13 


In  comparing  the  length  of  tune  required  fox  tlie  first  eggs  to  hatch 
in  the  indoor  and  outdoor  experiments  it  was  found  that  for  all  the 
months  except  March,  April,  June,  and  July  the  time  was  longer  in 
the  outdoor  than  in  the  indoor  experiments,  the  differences  ranging 
from  1  to  53  days,  and  for  the  above-mentioned  months  the  time  was 
shorter,  the  differences  ranging  from  1  to  4  days.  The  longer  time 
obtained  in  the  majority  of  the  outdoor  experiments  may  be  due  in 
part  to  unavoidable  errors  in  observation  because  of  the  fact  that  it 
is  frequently  difficult  to  determine  with  certainty  when  tlie  first  eggs 
hatch,  since  they  are  scattered  and  some  may  be  hidden  from  view. 
In  the  first  year's  experiments  practically  the  same  results  were 
obtained.  For  two  of  the  eight  months  for  which  comparisons  could 
be  made  the  time  was  the  same  in  the  indoor  and  outdoor  experi- 
ments, and  for  the  remaining  months  the  time  was  longer  in  the  out- 
door experiments,  the  differences  ranging  from  1  to  22  days. 

In  view  of  the  fact  that  in  the  two  years'  experiments  the  time  to 
the  hatching  of  the  first  eggs  was  longer  in  the  outdoor  experiments 
than  in  the  corresponding  indoor  experiments  in  all  except  four 
instances,  in  which  cases  the  differences  were  comparatively  small, 
ranging  from  1  to  4  days,  it  seems  safe  to  assume  that  indoor  experi- 
ments, if  the  temperature  is  maintained  near  that  on  the  outside, 
will  be  safe  to  follow  in  practical  work,  provided  a  reasonable  margin 
of  safety  be  allowed  to  cover  slight  variations  that  might  occur  in 
the  direction  of  a  shorter  time  for  hatching. 

In  the  second  year's  work,  for  all  months  the  time  required  for  aU 
the  larvae  to  die  was  longer  in  the  indoor  than  in  the  outdoor  experi- 
ments, the  differences  ranging  from  2  to  55  days,  and  the  average 
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difference  being  28  days.  In  the  first  year's  experiments  similar 
results  were  obtaiaed;  in  all  but  one  case  the  periods  were  longer  in 
the  indoor  than  the  outdoor  experiments,  the  differences  ranging 
from  5  to  42  days,  the  average  difference  being  21  days.  It  there- 
fore appears  that  the  time  obtained  indoors,  with  incubation  tubes  of 
the  type  employed,  as  a  rule  will  be  three  to  four  weeks  longer  than 
that  occurring  under  natural  conditions.  This  is  what  would  be 
expected,  since  ticks  in  tubes  are  not  exposed  to  the  wind,  and  when 
kept  indoors  are  not  subjected  to  the  sun,  in  consequence  of  which 
they  will  not  suffer  the  loss  of  body  fluids  and  nourishment  that  ticks 
living  in  the  open  will.  In  addition  to  this,  it  is  hkely  that  the 
humidity  in  the  tubes  as  a  rule  is  higher  than  that  of  the  outside 
air,  which  would  tend  to  prolong  longevity  of  the  larv».  It  is  be- 
lieved that  in  using  tubes  such  as  were  employed,  the  supply  of 
moisture  should  not  be  excessive,  the  sand  simply  being  kept  moist. 
Unless  this  is  done  it  is  likely  that  the  life  of  the  larv»  may  be  pro- 
longed far  beyond  that  occurring  under  natural  conditions.  Unduly 
long  periods  for  the  death  of  all  larvae,  obtained  by  using  incubation 
tubes,  are  safe  but  uneconomical,  requiring  the  farmer  to  forego  the 
use  of  his  land  longer  than  is  necessary.  It  is  important  that  the 
periods  be  ample,  but  it  is  likewise  important  that  they  be  no  more 
than  this,  since  rotation  methods  are  inconvenient  and  expensive  at 
best  in  the  majority  of  instances. 

In  comparing  the  time  required  for  all  the  larvsB  to  die  for  corre- 
sponding months  in  the  indoor  experiments  for  the  two  years  it  was 
found  that  for  all  but  one  month  the  time  was  longer  the  second  year, 
the  differences  ranging  from  3  to  45  days.  The  average  difference 
was  25  days.  A  similar  comparison  of  the  outdoor  experiments  for 
the  two  years  showed  that  in  every  instance  the  time  was  longer  the 
second  year,  the  differences  rangiag  from  2  to  36  days.  The  average 
difference  was  17  days. 


APPENDIX. 


Individual  records  of  ticks  used  in- experiments. 


Num- 
ber of 
tick. 


1.... 
2... 
3... 
4..., 

6... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
15... 
16... 
17... 
M... 
19... 
20... 


21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30. . 
81.. 
32.. 
33.. 
34.. 
35.. 
36.. 
37.. 
38.. 
39.. 
40.. 
41.. 
42.. 
43.. 
44.. 
45.. 
46.. 
47.. 
48.. 


Date  col- 
lected. 


1908. 

Aug.  5 
...do.... 
...do.... 
...do.... 

Sept.  1 
...do.... 
...do.... 
...do.... 

Oct.     1 

...do 

...do.... 
...do.... 

Nov.  2 
...do.... 

-._do 

...do 

Oec    2 

...do 

...do 

...do.... 


2 


1909. 
Jan. 

..do... 

.-do... 

..do... 

Feb. 

...do... 

..do... 
...do... 

Mar. 
...do... 
...do... 
...do... 

Apr. 

...do 

...do.... 
...do... 

Hay    1 

...do 

...do.... 
...do.... 

June    2* 
...do. 
...do. 
...do. 

July 
...do. 
...do. 
...do. 


2 


Num- 
ber of 
eggs  de- 
posited. 


4,492 

3,962 

4,489 

4,104 

3,654 

3,604 

2,951' 

2,797 

1,588 

8,848 

2,730 

2,906 

3,187 

3,320 

3,167 

2,215 

1,858 

1,985 

2,201 

1,496 


3,723 
3,460 
2,970 
305 
2,601 
2,970 
2,706 
1,993 

1,674 
3,361 
1,380 
2,607 
8,065 
1,741 
2,401 
4,178 
4,040 
3,181 
3,296 
2.311 
3,003 
1,765 
1,640 
3,452 
3,710 
2,214 
2,416 


Preovl- 
podtion 
period. 


Dayt. 

8 

4 

3 

2 

3 

4 

4 

5 

11 

5 

7 

8 

7 

9 

8 

9 

28 

28 

17 

29 


24 
24 
22 
22 
19 
18 
20 
20 

9 
10 
12 
16 

9 
10 
10 
10 


3 
3 
3 
3 


Oviposi- 

Hatch- 

tion 

ing 

period. 

period. 

Dayt. 

Dayt. 

15 

27 

13 

17 

15 

24 

14 

18 

16 

52 

18 

51 

9 

47 

16 

50 

13 

35 

50 

20 

33 

33 

46 

63 

18 

66 

19 

58 

19 

61 

21 

31 

9 

35 

18 

42 

16 

30 

9 

82 

21 

48 

18 

46 

16 

7 

6 

40 

17 

42 

17 

59 

14 

37 

12 

41 

15 

28 

8 

42 

14 

22 

8 

26 

17 

32 

13 

27 

14 

31 

14 

27 

18 

25 

17 

24 

17 

19 

12 

19 

13 

11 

13 

15 

13 

18 

11 

15 

16 

17 

21 

12 

15 

15 

14 

Incubation 
period. 


Mini- 
mum 
lon- 
gevity. 


Dayt. 
20  to 

20  to 

21  to 
21  to 
32  to 
36  to 
31  to 
34  to 


36 
30 
34 
30 
73 
75 
71 
70 


141  to  176 
151  to  174 
146  to  174 

151  to  170 

152  to  168 
151  to  170 
143  to  160 

114  to  138 
103  to  142 
116  to  144 

115  to  139 


61  to  119 
73  to  120 
94  to  121 
111  to  117 
53to  87 
68  to 
49  to 
70  to 
45  to 
57  to 
44  to 
55  to 
86  to 
39  to 
39  to 
35  to 

26  to 

27  to 

28  to 
27  to 
18  to 

21  to 

22  to 

21  to 
24  to 

22  to 

23  to 
23  to 


97 
87 
90 
81 
84 
77 
77 
49 
50 
51 
48 
39 
37 
36 
41 
27 
27 
29 
27 
27 
27 
29 
28 


Dayt. 
15 
12 
17 
6 
58 
15 
21 
13 


10 
10 

7 
11 

6 
14 
18 
18 

8 
19 

8 


16 
16 
21 
49 
17 
21 

7 
28 
26 
14 
25 
25 
20 
23 
15 
11 
19 
17 
25 
14 
18 
20 
20 

9 
12 
13 
20 

7 


Maxi- 

mum 

Entire 

lon- 

time. 

gevity. 

Days. 

Dayt. 

116 

143 

218 

254 

141 

182 

207 

247 

249 

286 

237 

279 

222 

258 

249 

297 

100 

280 

87 

271 

112 

278 

107 

285 

98 

274 

110 

281 

106 

288 

100 

268 

97 

266 

100 

268 

87 

257 

104 

243 

113 

253 

103 

242 

64 

202 

98 

204 

114 

225 

111 

230 

106 

215 

116 

205 

107 

196 

97 

185 

119 

207 

106 

164 

95 

154 

101 

159 

81 

139 

118 

158 

96 

140 

100 

143 

139 

185 

80 

114 

95 

127 

62 

96 

84 

117 

118 

149 

94 

125 

81 

110 

106 

1 

134 

Percent 
hatched. 


48 
97 
61 
60 
98 
98 
93 
92 


19 
0 
61 
52 
67 
59 
71 
27 
17 
15 
11 


60 
18 
17 
8 
33 
36 
41 
11 
79 
61 
93 
62 
94 
86 
94 
05 
03 
73 
85 
60 
97 
84 
60 
89 
08 
96 
96 
96 


1  Ticks  were  coliected  May  1  and  2. 


*  Ticlcs  were  collected  June  2,  3,  4,  and  5. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington,  D.  C.^  May  2, 1912. 
Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  a  bulletin  of  this  bureau,  a  manuscript  entitled  "  The 
Action  of  Anthelmintics  on  Parasites  Located  Outside  of  the  Ali- 
mentary Canal,"  by  Dr.  B.  H.  Ransom,  Chief  of  the  Zoological  Divi- 
sion, and  Mr.  Maurice  C.  Hall,  assistant  zoologist  in  the  Zoological 
Division  of  this  bureau. 

This  paper  details  the  results  of  some  attempted  medicinal  treat- 
ment of  sheep  for  tapeworm  disease,  and  also  summarizes  our  knowl- 
edge of  the  use  of  anthelmintics  against  parasites  located  outside 
of  the  intestinal  lumen.  While  the  experimental  results  were  nega- 
tive, the  evidence  brought  together  here  indicates  the  need  of  further 
work,  and  this  paper  is  intended  to  simplify  additional  work  by 
furnishing  a  systematic  summary  of  all  previous  work.  It  also  has 
immediate  practical  utility  as  an  aid  in  judging  the  claims  made  for 
proprietary  medicines. 

Very  respectfully,  A.  D.  Melvin, 

Chief  of  Bureavr. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  ACTION  OF  ANTHELMINTICS  ON  PARASITES  LOCATED 
OUTSIDE  OF  THE  ALIMENTARY  CANAL. 


INTRODUCTORY. 

As  Gommonly  employed,  the  remedies  known  as  anthelmintics  are 
usually  efficacious  preparations.  Their  action  is  based  on  the  prem- 
ises that  they  are  poisons  which  can  be  taken  into  the  digestive  tract 
of  such  animals  as  man,  the  horse,  dog,  or  cat,  in  quantities  not  large 
enough  to  poison  the  host  but  sufficient  to  stupefy  or  kill  verminous 
parasites  with  which  they  come  in  contact.  The  parasites  are  usually 
in  the  small  intestine  (intestinal  helminthiasis)  and  occasionally  in 
the  stomach  (gastric  helminthiasis).  In  order  to  avoid  dilution  of 
the  medicine,  and  alsK>  to  give  a  more  effective  contact  with  the  para- 
site, the  patient  is  prepared  in  advance  by  fasting  to  empty  the 
stomach  and  intestine.  Finally  a  purgative  is  administered  to  carry 
out  the  dead  or  stupefied  worms.  All  this  is  comparatively  simple 
and  in  practice  effective. 

Though  anthelmintics  may  be  used  very  successfully  in  treatment 
for  parasites  in  the  stomach  and  small  intestine  of  certain  animals, 
they  are,  as  a  rule,  less  satisfactory  when  applied  to  ruminants.  Medi- 
cines administered  to  ruminants  must  first  pass  the  first,  second,  and 
third  stomachs,  some  or  all  of  which  are  usually  well  filled  with  food 
and  difficult  to  empty  in  any  reasonable  period  of  fasting,  before 
reaching  the  usual  location  of  gastric  parasites,  the  fourth  stomach, 
through  which  in  turn  the  medicines  must  pass  before  they  reach 
the  small  intestine.  In  some  cases,  however,  gastric  and  intestinal 
helminthiasis  in  ruminants  may  be  treated  successfully.  Perroncito 
(1885)*  and  Stiles  (1902),  for  example,  have  reported  satisfactory 
results  from  the  use  of  various  remedies  for  stomach  worms  of  sheep. 
Certain  experiments  have  indicated  that  under  the  right  conditions 
remedies  may  pass  dire<itly  through  the  first  stomach  and  thus  arrive 
more  or  less  promptly  in  the  second  and  following  stomachs  and  the 
intestine.  Powers  (1909),  however,  has  questioned  this,  and  con- 
siders medicinal  treatment  for  stomach  worms  in  ruminants  unsat- 
isfactory. 

As  to  the  treatment  of  parasites  located  in  the  large  intestine,  it 
has  been  found  in  actual  practice,  even  in  animals  with  simple 

^  References  to  literature  will  be  found  In  bibliography  at  end  of  bulletin. 
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st<Hnachs  and  short  alimentary  tracts,  such  as  the  dog,  that  the  results 
from  the  administration  of  remedies  per  orem  are  generally  very 
unsatisfactory.  Stiles  and  Pfender  (1902),  for  instance,  found  that 
thymol,  a  classic  remedy  for  hookworms,  was  without  effect  on  whip- 
worms of  the  cecum  of  the  dog.  On  the  other  hand,  Miller  (1904:) 
claims  to  have  succeeded  in  removing  whipworms  from  the  dog  by 
the  use  of  oleoresin  of  male  fern.  Parasites  located  in  the  large 
intestine  are,  however,  difficult  to  reach  with  ordinary  anthelmintics 
administered  by  mouth. 

In  view  of  the  difficulty  of  reaching  parasites  located  in  the  ali- 
mentary tract  beyond  the  stomach  or  small  intestine,  or  even  in  these 
organs  in  ruminants,  by  means  of  anthelmintics  administered  through 
the  mouth,  it  would  seem  on  first  thought  that  treatment  with  such 
remedies  for  worms  in  the  liver,  pancreas,  muscles,  brain,  blood,  or  in 
other  locations  outside  the  direct  course  of  the  digestive  tract,  would 
be  certain  to  result  unsuccessfully.  Nevertheless  several  more  or  less 
commonly  used  anthelmintics  have  received  favorable  consideration' 
in  the  treatment  of  verminous  parasites  located  outside  the  lumen  of 
the  stomach  and  intestine,  and  the  results  of  the  tests  made  in  some 
cases  apparently  afford  a  basis  for  a  belief  in  their  efficacy. 

HISTORICAL  RSVISW. 

A  consideration  of  the  work  done  on  this  subject  shows  that 
writers,  in  general,  have  recognized  two  lines  of  work:  First,  the 
treatment  of  somatic  and  extraintestinal  tseniasis  where  parasites 
are  located  in  the  brain,  muscles,  liver,  or  subcutaneous  tissue;  and 
second,  the  treatment  of  certain  forms  of  distomatiasis,  where  the 
parasites  are  located  in  the  liver  or  blood.  Parasites  in  the  liver  are, 
of  course,  relatively  nearer  the  usual  site  of  operation  of  anthel- 
mintics. To  the  first  line  of  work  we  wish  to  add  some  notes  on  the 
treatment  of  tseniasis  where  the  parasites  are  located  in  the  liver  and 
in  the  pancreatic  and  bile  ducts.  In  this  case  the  parasite,  Thysano- 
soma  actinioidea^  is  also  an  intestinal  parasite,  and  we  use,  therefore, 
the  terms  extraintestinal  and  intestinal  thysanosomiasis  to  indicate 
the  two  forms  of  infestation  with  the  adult  worm. 

Since  writers  along  either  of  the  two  lines  mentioned  have  usually 
confined  their  abstracts  and  criticism  of  related  work  to  work  along 
the  one  line,  this  review  will  summarize  the  two  lines  of  work 
separately. 

SOMATIC  AND  EXTRAINTESTINAL  TJENIASIS. 

Ztirn  (1882a)  states  that  after  trying  for  24  years  to  find  some 
medication  that  would  cure  gid  in  sheep,  he  has  concluded  that  suc- 
cessful treatment  of  the  sort  is  impossible,  and  cautions  against  the 
administration  of  poisons,  which,  in  his  opinion,  results  in  nothing 
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but  a  waste  of  time  and  money.  It  is  unfortunate  that  he  did  not 
give  his  experiments  in  detail,  or  at  least  name  the  *  remedies  he 
tried ;  but  from  the  fact  that  he  speaks  of  them  as  poisons  it  seems 
reasonable  to  suppose  that  he  tested  the  various  common  anthelmin- 
tics, all  of  which  are  poisons* 

Curtice  (1889a  and  1890c)  records  tests  of  various  remedies  in 
intestinal  and  extraintestinal  thysanosomiasis  of  sheep,  and  says: 

Various  tonlafuges  were  tried  with  little  succesa  The  jwwdered  pr^wira- 
tlons  of  pumpkin  seed,  pomegranate-root  bark,  koosoo,  kamala,  male  fern,  and 
worm  seed  proved  of  no  avail.  •  ♦  ♦  The  presence  of  tcenlsB  in  the  biliary 
ducts  is  another  reason  why  tsenlafuges  can  not  be  entirely  successful  in  treatr 
ment  of  sheep  with  T,  fimbriata  [Th,  acftinioidea].  Any  medicine  which  would 
affect  the  tsenlse  in  these  ducts  would  also  affect  the  sheep  seriously.  It  is 
doubtful  whether  they  can  be  killed  or  driven  from  the  ducts. 

Feletti  (lS94c)  administered  ethereal  extract  of  male  fern  in  three 
cases  of  human  cysticercosis,  as  follows : 

1.  Patient  had  had  TttrUa  8oUum.  Present  symptoms:  Convulsions,  cepha- 
lalgia, vertigo,  vomiting.  Small  subcutaneous  nodules  appeared  and  grew  to 
the  size  of  olives;  one  of  these  was  excised  and  found  to  be  CysHcerctis  celln- 
lo8W.  No  cestodc  proglottids  or  eggs  were  found  on  fecal  examination.  Feletti 
administered  1  f o  3  grams  of  extract  of  male  fern  -per  diem  to  the  patient  until 
he  had  given  18  grams.  The  patient  could  not  stand  more.  The  cystlcerci 
diminished  to  the  size  of  a  wheat  grain,  but  the  cerebral  trouble  did  not  im- 
prove, and  the  man  died  a  month  later.    No  autopsy  was  permitted. 

2.  Patient  had  34  subcutaneous  nodules.  One  of  these  was  excised  and  found 
to  be  CysHcercus  celluloscB.  No  cestode  proglottids  or  eggs  found  on  fecal 
examination.  Feletti  at  first  administered  1  to  1.5  grams  of  extract  of  male 
fern  per  diem,  but  this  was  not  supported  and  the  dose  was  accordingly  cut 
down  to  40  centigrams  The  total  amount  administered  was  26.5  grams.  Tbe 
nodules  diminished  untU  they  could  not  be  felt 

3.  Patient  had  had  a  tapeworm  three  years  before  and  had  not  recovered 
the  head  in  several  attempts  at  removal.  Present  symptoms:  Ck)nvulsioDflp 
vertigo,  and  vomiting.  For  this  he  was  treated  with  sodium  and  potassium 
bromid.  Seven  nodules  developed.  One  of  these  was  excised  and  found  to 
be  a  cystlcercus.  Feletti  administered  60  centigrams  of  extract  of  male  fiera 
per  diem,  and  in  a  month  the  nodules  had  disappeared.  The  nervous  condition 
was  improved,  but  the  trouble  subsequently  recurred  and  was  treated  with 
bromids  with  good  results.  Feletti  thinks  the  recurrence  was  due  to  brain 
alterations,  but  considers  that  the  cystlcerci  were  dead. 

According  to  Feletti,  these  cases  demonstrate  that  extract  of  male 
fern  kills  subcutaneous  and  muscular  cystlcerci  and  that  it  probably 
acts  upon  cerebral  cystlcerci  also.  He  advises  a  dose  of  30  to  40 
centigrams  per  diem  for  30  or  40  days. 

De  Benzi  (1908)  renewed  the  interest  in  this  line  of  work  by  his 
report  of  the  administration  of  extract  of  male  fern  in  four  cases  of 
human  somatic  tseniasis.  We  quote  the  following  abstract  of  Do 
Renzi's  cases  from  Hall  (1909) : 

1.  The  patient  had  occasion  to  eat  badly  cooked  pork  and  uncooked  sausage; 
had  an  infection  with  Tamia  solintm  five  years  previous;  had  attacks  of  con* 
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TUlslons  and  insensibility  three  years  later,  and  on  treatment  with  a  vermifnge 
had  passed  a  tapeworm  with  the  head.  Two  months  later  the  patient  had 
stronger  convulsions,  dizziness,  and  shortness  of  breath  on  slight  exertion. 
About  this  time  growths  appeared  on  the  temples  and  the  stemocleido- 
mastoideus.  Five  months  later  the  patient  had  three  cramp-like  attacks  in 
one  day,  followed  by  great  exhaustion.  At  this  time  the  patient  came  to  De 
Benzi,  who  found  small  swellings  over  the  entire  body  and  great  nervous  de- 
pression. On  the  history  given  here  he  diagnosed  cysticercus  of  the  brain  and 
sktn.  After  a  year's  ambulant  treatment  with  male  fern  the  nervous  trouble 
liad  disappeared,  so  had  the  swellings,  with  the  exception  of  one  over  the  left 
temple,  and  this  was  removed  by  operation  and  showed  the  presence  of  a 
cysticercus.  The  eosinophilla  present  at  the  beginning  of  the  treatment  had 
disappeared. 

2.  The  second  patient,  a  woman,  had  an  infection  with  Tcpnia  solium  three 
years  before.  For  two  years  previous  to  treutmait  she  had  suffered  from 
dizziness,  headache,  weak  memory,  polyuria,  and  weakness.  A  swelling  over 
the  manubrium  steml  showed  all  the  characteristics  of  a  cysticercus.  After  a 
week's  treatment  the  nervous  symptoms  had  disappeared  and  the  swelling  was 
reduced  to  one-third  its  original  volume.  A  microscopic  examination  of  the 
swelling  was  made,  but  De  Renzl  states  that  in  this  examination  nothing  of 
special  importance  was  noted. 

3.  In  De  BenzVs  third  case  there  was  a  history  of  increasing  pain  in  the 
hypochondrium  for  20  months,  no  fever  or  emaciation,  increase  in  the  area  of 
liver  dullness,  eosinophilla  present,  urine  normal.  The  case  was  diagnosed  as 
hepatic  echinococcosis,  and  all  symptoms  disappeared  under  treatment  In  20 
days.    •    •    •    Fecal  examination  did  not  show  parasites  or  their  eggs. 

4.  The  fourth  patient  was  a  woman  who  had  suffered  for  a  year  with  a  pain 
in  the  thorax  and  often  coughed  blood.  In  the  absence  of  tubercular  symptoms 
and  because  the  patient  coughed  up  membranes,  "  H&utchen,'*  a  diagnosis  of 
lung  echinococcosis  was  made  by  De  Renzl  and  confirmed  by  two  associates. 
In  the  brief  period  of  six  days  she  was  cured  by  male  fern. 

Dianoux  (1909)  has  recorded  a  case  in  which  ocular  and  subcu- 
taneous cysticercosis,  possibly  complicated  by  cerebral  cysticercosis, 
was  apparently  cured  by  the  administration  of  male  fern. 

Before  coming  under  Dlanoux's  care,  March  25,  the  patient  had  had  several 
epileptiform  attacks,  and  had  nearly  lost  the  sight  of  the  left  eye.  Examination 
with  the  ophthalmoscope  showed  the  presence  of  a  cysticercus  in  the  vitreous 
humor,  and  some  weeks  later  a  nodule,  presumably  a  cysticercus,  was  found 
beneath  the  skin  of  the  groin.  After  treatment  with  male  fern  and  calomel  the 
patient  passed  4  or  5  meters  of  tapeworm  {Tcenia  solium).  Hay  2  the  patient 
experienced  an  eplleptifoim  convulsion.  From  May  3  to  20  the  patient  took  2 
grams  of  extract  of  male  fern  per  day;  treatment  was  then  suspended  a  few 
days.  On  May  24  a  slight  epileptiform  attack  occurred.  Examination  with  the 
ophthalmoscope  showed  that  the  cysticercus  had  become  shriveled  and  motion- 
less. From  May  25  to  June  5,  2  grams  of  extract  of  male  fern  per  day  were 
administered.  June  12  the  cyst  in  the  groin  was  discovered.  June  16  an  epi- 
leptiform attack  occurred,  lasting  15  minutes,  and  the  following  day  there  was 
another  attack.  Treatment  was  resumed.  July  2  treatment  was  suspended; 
the  cyst  had  disappeared  from  the  groin ;  the  general  health  of  the  patient  was 
excellent.  During  10  days  in  August  the  patient  was  given  1.5  grams  of  extract 
of  male  fern  per  day.  November  15  the  patient  was  discharged  as  cured.  The 
cysticercus  had  entirely  disappeared  from  the  eye.  The  only  evidence  of  its 
former  presence  was  a  cicatrice  and  vascular  condition  of  the  retina  at  the 
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point  where  the  parasite  had  been  located.  Altogether  102  grams  of  extract  of 
male  fern  had  been  admlDlstered  during  a  period  of  71  days,  and  presumably 
as  a  result  of  this  treatment  a  cysticercus  of  the  eye,  one  under  the  skin  of  the 
groin,  and  probably  others  in  the  motor  centers  of  the  brain,  had  degenerated 
and  become  absorbed.  Dianoux  concludes  that  male  fern  destroys  cysticercl 
because  of  some  selective  action  against  these  parasites. 

Kailliet  in  his  abstract  of  De  Renzi's  article  (De  Renzi,  1909)  has 
noted  that  it  would  be  interesting  to  test  male  fern  on  domestic 
animals  suffering  from  parasitic  diseases  of  the  muscles  and  viscera, 
and  mentions  gid  as  one  disease  in  which  this  treatment  should  be 
attempted.  Such  treatment  was  attempted  and  reported  by  Hall 
(1909).    The  treatment  was  tried  on  three  sheep  as  follows:  ^ 

1.  Sheep  showed  characteristic  symptoms  of  gid.  Fifty  grams  of  male  fern 
powder  administered  on  two  consecutive  days.  The  third  day  the  attendant 
accidentally  got  the  dose  in  the  windpipe  of  the  sheep,  killing  the  animal. 
Post-mortem  examination  showed  a  large  living  coenurus  in  the  cerebrum.         t 

2.  Sheep  showed  pronounced  symptoms  of  gid.  Ethereal  extract  of  male 
fern  administered  in  5  c.  c.  doses  on  27  days  between  April  22  and  May  30,  a 
total  of  135  c.  q.  Sheep  found  dead  May  30,  following  a  gradual  increase  in 
anfavorable  symptoms  from  May  1.  Post-mortem  examination  showed  a  large 
living  coenurus  In  the  cerebrum. 

3.  Sheep  showed  characteristic  symptoms  of  gid.  Ethereal  extract  of  male 
fern  administered  in  5  c.  c.  doses  on  consecutive  days,  with  the  exception  of 
one  day,  until  a  total  of  45  c.  c.  had  been  given.  No  Improvement  in  condi- 
tion. Treatment  discontinued  and  sheep  found  dead  four  days  later.  Post- 
mortem examination  of  the  brain  showed  a  small  live  coenurus. 

Hall  has  given  a  critical  review  of  De  Renzi's  cases,  and  concludes 
that  they  are  open  to  suspicion  of  error  as  regards  diagnosis  and  the 
connection  between  the  disease,  the  treatment,  and  the  cure. 

Moussu  (1910)  has  also  reported  some  tests  of  ethereal  extract  of 
male  fem  administered  for  two  months  to  two  giddy  sheep.  There 
was  a  marked  amelioration  of  symptoms,  but  at  the  autopsy,  two 
months  after  the  cessation  of  treatment,  there  was  a  coenurus  in  the 
brain  of  each,  very  large  in  one  case  and  the  size  of  a  hazelnut  in 
the  other,  and  neither  of  them  degenerated.  Moussu  also  tested  the 
treatment  on  a  pig  affected  with  cysticercosis  which  had  been  devel- 
oping for  more  than  six  months,  the  vesicles  being  readily  visible 
under  the  tongue  and  the  conjunctiva.  The  condition  of  the  pig, 
instead  of  improving,  became  worse  from  day  to  day. 

In  view  of  the  conflict  between  his  results  and  those  obtained  by 
De  Renzi  and  Dianoux,  Moussu  concludes  that  the  influence  of  male 
fem  only  makes  itself  felt  on  young  lesions  and  those  in  course  of 
development,  but  that  where  the  cysts  are  entirely  developed  the 
medicament  remains  entirely  without  effect. 

The  most  recent  published  work  upon  this  subject  available  to  us 
is  that  of  D6v6  (1911).    His  test  of  the  treatment  was  as  follows: 

Three  rabbits  were  given  a  subcutaneous  injection  of  brood  capsules  from  a 
hydatid  cyst.     No.  1  was  liept  as  a  checlc.     No.  2  was  given  each  day  for  52 
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days  4^  c.  c.  of  ethereal  extract  of  male  fern.  The  weight  of  the  rabbit  was 
2.9  grams.  No.  3,  weighing  the  same,  was  given  9  c.  c,  or  6  c.  c.  per  kilogram, 
or  double  the  corresponding  dose  for  man.  The  treatment  was  begun  the  same 
day  as  the  injection. '  Five  months  later  normal  live  echinococcus  cysts  were 
found  in  all  three  rabbits.  From  this  D4v4  concludes  that  in  doses  as  large 
or  twice  as  large  as  De  Renzi  used  and  extending  over  a  much  greater  length 
of  time  the  male  fern  was  without  effect  on  the  hydatid  cysta  The  treatment 
showed  itself  incapable  of  affecting  the  delicate  metamorphosis  of  the  scolex, 
an  initial  phase  in  which  it  seems  that  the  parasite  would  be  especially  vul- 
nerable. Male  fern  is  therefore  provisionally  deemed  inefficacious  In  hydatid 
disease. 

Deve  notes  that  his  results  in  echinococcosis  are  in  agreement 
with  the  negative  results  obtained  by  Hall  in  cysticercosis  (Dave's 
error;  Hall's  cases  dealt  with  ccenurus,  as  noted  above),  by  Moussu 
in  coenurosis,  and  finally  with  the  very  unsatisfactory  results  ob- 
tained by  Railliet,  Moussu,  and  Henry  in  distomatiasis. 

A  summary  of  the  foregoing  indicates  that  results  following  the 
administration  of  male  fern  were  claimed  as  follows : 

Successful  in  6  cases  of  human  cysticercosis  (4  subcutaneous,  1 
subcutaneous  and  cerebral,  and  1  subcutaneous  and  ocular) ,  and  in  2 
cases  of  human  echinococcosis  (1  hepatic  and  1  pulmonary) ;  a  total 
of  8  cases  of  human  somatic  taeniasis. 

Unsuccessful  in  5  cases  of  ovine  cerebral  coenurosis,  2  cases  of 
leporine  general  echinococcosis,  and  1  case  of  porcine  muscular  and 
ocular  cysticercosis;  a  total  of  8  cases  of  somatic  tajniasis  in  lower 
animals. 

A  critical  discussion  of  these  cases  will  be  given  later.  It  is  suffi- 
cient at  this  point  to  note  that  all  tests  on  man  were  claimed  to  be 
successful  and  that  all  experiments  on  animals  were  failures.  The 
cases  of  Zilrn  and  Curtice  are  too  indefinite  to  include  in  this  sum- 
mary. 

DISTOMATIASIS. 

I 

Under  this  heading  hepatic  distomatiasis  will  be  considered  first 
and  venal  distomatiasis  second.  ^ 

Grassi  and  Calandruccio  (1884  and  1885)  record  the  first  cases  of 
which  we  are  aware  where  extract  of  male  fern  was  used  in  dis- 
tomatiasis. The  article  published  in  1884  is  not  available  to  u^, 
but  from  the  article  of  the  following  year  it  appears  that  they  ad- 
ministered to  sheep  a  single  dose  consisting  of  5  grams  of  ethereal 
extract  of  male  fern  in  50  grams  of  ethereal  tincture  of  male  fern^ 
They  note  that  one  might  use  injections  of  male  fern,  but  that  ii 
would  not  always  be  necessarJ^  The  injection  should  consist  of  l| 
gram  of  the  ethereal  extract  mixed  with  1  gram  of  the  tincture  and] 
injected  directly  into  the  liver  by  means  of  a  Pravaz  syringe.  A 
postscript,  based  on  later  work,  adds  that  this  injection  should  not 
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be  employed-  They  find  that  for  24  to  48  hours  after  the  adminis- 
tration of  the  medicine  the  feces  contained  numerous  flukes  and 
nmnatodes.  After  three  days  the  feces  show  no  eggs,  and  on  autopsy 
no  flukes  or  strongyles  are  found.  The  number  of  tests  and  other 
details  are  not  given. 

They  point  out  that  this  remedy  should  be  tried  in  human  dis- 
tomatiasis,  and  that  the  injection  method  might  be  useful  in  echino- 
coccus  infections. 

Perroncito  (1886)  has  repeated  the  experiments  of  Grassi  and 
Calandruccio  and  reports  favorably  on  the  use  of  male  fern,  noting, 
however,  certain  unfavorable  results  from  its  use.  His  experiments 
were  as  follows; 

1.  Sheep  with  symptoms  of  fluke  disease.  Fecal  examination  sliowed  two 
to  three  eggs  of  Btrongylus,  probably  8,  oantortus,  and  three  to  four  fluke  eggs 
per  slide.  Administered  10  grams  of  ethereal  extract  of  male  f^m  in  48  grams 
of  ethereal  tincture.  The  animal  became  tympanic,  due  to  ethereal  vapor  de- 
veloped in  the  stomach,  and  in  a  few  minutes  fell  as  if  struck  dead.  After  40 
minutes  rose.  At  the  end  of  2  hours  it  had  recovered  from  the  symptoms  of 
anesthesia  and  other  phenomena  of  etherization.  Some  weeks  later  the  feces 
showed  one  strongyle  egg  and  one  dlstome  egg  per  slide. 

2.  Administered  to  sheep  affected  with  liver  fluke,  5  grams  of  ethereal  extract 
of  male  fern  in  50  grams  of  the  tincture.  Usual  symptoms  of  flatulence  and 
defecation.  After  30  to  40  minutes  sheep  gradually  returned  to  normal  condi- 
tion. Examination  of  the  feces  showed  numerous  dlstome  and  strongyle  eggs. 
Two  days  later  examination  showed  dlstome  and  hookworm  eggs,  but  notice- 
ably diminished  in  number.  There  had  been  10  to  12  eggs  per  slide ;  there  were 
now  4  to  5. 

Two  days  later  repeated  the  dose,  substituting  6  grams  of  ethereal  extract 
In  place  of  5  grams.  The  animal  showed  more  severe  symptoms  than  on  the 
first  occasion.    There  was  considerable  flatulence  at  the  end  of  an  hour. 

Feces  collected  40  hours  after  the  second  dose  of  male  fern  showed  2  to  3 
dlstome  ^gs  per  slide.  Animal  seemed  much  improved.  Seven  days  after  the 
second  dose  the  faces  showed  only  one  dlstome  egg  to  three  or  four  slides. 

3.  A  aheep  infested  with  a  large  number  of  liver  flukes»  about  800,  was  given 
a  large  dose  of  male  fern  and  died  in  10  or  12  hours.  Aufopsy  showed  that 
the  flukes  were  apparently  all  dead. 

This  last  case  had  been  previously  published  by  Perronci^  (1885). 

The  next  article  dealing  with  experimental  medication  of  hepatic 
distomatiasis  which  has  come  to  our  attentioh  is  that  of  Bomagnoli 
(1903),  who  claims  to  have  had  good  results  in  the  treatment  of  dis- 
tomatiasis in  sheep  from  the  daily  administration  of  1  grain  of  salol 
in  a  teaspoonful  of  water  for  8  days.  According  to  that  author  the 
salol  kills  the  cercariee  which  are  still  in  the  stomach  and  thus  pre- 
vents further  infestation,  so  that  if  the  sheep  are  meanwhile  given 
plenty  of  nourishment  they  rapidly  recover  their  health  and  finally 
become  completely  cured.  Eomagnoli's  treatment  is  of  a  different 
character  from  that  reported  by  other  writers  in  that  it  is  supposed 
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to  act  upon  parasites  during  their  invasion  of  the  body  and  not  upon 
those  which  have  already  become  established  in  the  host 

Floris  (1907,  1908)  has  used  carbon  bisulphid,  a  remedy  which 
Perroncito  and  Bosso  (1894)  and  Wessel  (1901)  had  reported  as 
efficacious  against  Gastropkilus  in  the  horse,  and  whidi  Taar  (1907) 
had  found  efficacious  against  Gastropkilus  and  Ascaris  in  the  horse. 
Floris  administered  the  carbon  bisulphid  in  gelatin  capsules  in  doses 
of  10  to  15  grams  three  or  four  times  a  week.  The  treatment  was  not 
attended  by  unpleasant  effects  and  served  to  free  the  animals  of 
flukes,  the  feces  containing  5  to  10  flukes  at  a  time.  Floris  notes  that 
this  is  a  very  inexpensive  remedy. 

Alessandrini  (1908)  reports  that  he  had  administered  extract  of 
male  fern  to  two  sheep  which  were  severely  infested.  The  sheep  were 
dead  two  days  later.  Autopsy  showed  the  flukes  in  the  intestine  and 
liver  to  be  dead  and  degenerated. 

Pericaud  (1908)  has  a  rather  glowing  account  of  the  virtues  of  a 
so-called  "  distomasine,"  said  to  consist  of  a  glucosid  and  some  plant 
essence.  He  gives  no  experimental  tests,  and  the  paper  apparently 
adds  nothing  to  our  knowledge 

Borini  (1911)  states  that  in  1905,  at  the  suggestion  of  Perroncito, 
ethereal  extract  of  male  fern  was  used  to  arrest  a  plague  of  bovine 
distomatiasis  occurring  on  the  estate  of  a  rich  proprietor  in  Calabria. 
Experiments  have  been  made  on  laboratory  animals  from  that  year 
on,  the  treatment  being  especially  tested  on  sheep.  These  experi- 
ments, according  to  Borini,  confirm  the  therapeutic  value  of  male 
fern  against  distomatiasis.  In  light  infections  cures  were  always 
obtained;  in  the  worst  cases  of  advanced  cachexia  the  treatment 
failed.  The  use  of  thvmol  in  connection  with  male  fern  is  recom- 
mended.  < 

Railliet,  Moussu,  and  Henry  (1911)  have  recently  published  a 
series  of  articles  on  the  treatment  of  distomatiasis.  In  their  first 
papers  (1911a  and  1911b)  they  note  the  desirability  of  some  medica- 
tion in  view  of  the  considerable  losses  suffered  in  France  in  1910. 
They  first  experimented  with  medicines  which  may  be  eliminated 
by  the  liver,  especially  filoes,  calomel,  sodium  salicylate,  and  "boldo." 
Most  of  the  animals  treated  with  these  remedies  improved,  but  there 
was  no  cure,  no  destruction  of  the  parasites.  Autopsy  showed  the 
flukes  to  be  still  alive  after  treatment  extending  over  15  days  to 
three  weeks.  It  seemed  as  though  the  trefatment  reduced  the  activity 
of  the  flukes  without  really  having  a  specific  effect  on  them. 

In  another  series  of  experiments  they  used  compounds  of  phos- 
phorus, arsenic,  and  mercurj^,  as  phosphorated  oil,  arsenic,  atoxyl, 
arseno-benzol,  trypanblau,  benzoate  of  mercury,  and  fluid  extract  of 
broom.    None  of  them  gave  certain,  positive  results. 
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In  a  third  paper  (Railliet,  Moussu,  and  Henry^  1911c)  these 
authors  report  better  success  in  their  tests  of  a  new  series  of  sub- 
stances, including  particularly  tartar  emetic,  urotropin,  atoxyl,  and 
ethereal  extract  of  male  fern. 

The  sheep  used  were  for  the  most  part  heavily  infested  and  had 
an  intense  cirrhosis  and  often  a  perforation  of  the  capsule  of  Glis- 
son,  the  flukes  which  caused  the  perforation  escaping  to  the  peri- 
toneal cavity.  Many  had  admixed  infection  with  Fasciola  hepatica 
and  Dicrocodium  lanceatum. 

Tartar  emetic  and  urotropin  proved  to  be  inefficacious.  Atoxyl 
produced  the  evacuation  of  degenerated  F.  hepatica  in  one  heifer. 

The  tests  with  ethereal  extract  of  male  fern  were  more  satisfac- 
tory. An  abstract  is  given  of  Alessandrini's  (1908)  experiments  with 
male  fern,  noting  this  as  the  only  work  of  the  sort  of  which  they 
were  aware.  Their  own  teste  were  made  on  five  sheep,  three  others 
being  kept  as  checks.  The  sheep  were  given  5  grams  of  ethereal 
extract  in  25  c  c.  of  oil.  Autopsy  was  made  immediately  after 
death.    The  experiments  are  as  follows : 

1.  Sheep  received  one  dose  and  died  12  hours  later.  Three  hundred  and 
ninety  F.  hepatica  and  numerous  D.  lanceatum  in  liver ;  all  alive. 

2.  Sheep  received  two  doses  at  16-hour  intervals  and  was  killed  In  extremis 
24  hours  after  the  second  dose.  The  biliary  canals  contained  numerous  live 
D,  lanceatum  and  55  F.  hepatica,  4  of  them  being  alive  and  the  rest  degen- 
erated and  of  a  yellowish-green  color.  The  gall  bladder  contained  142  F. 
hepatica,  all  dead,  though  only  3  showed  the  same  alteration  as  the  preceding. 
The  small  intestine  contained  16  degenerated  specimens  and  the  large  intestine 
contained  10  dead  but  not  degenerated  specimens. 

3.  Sheep  received  three  doses  at  16  and  24  hour  intervals.  Killed  3  days 
after  the  last  dose.  Biliary  canals  contained  several  live  Z).  lanceatum. 
There  were  9  F.  hepatica,  all  degenerated,  in  the  gall  bladder,  but  none  in  the 
biliary  canals  or  in  the  Intestine. 

4.  Sheep  received  four  doses  at  24,  24,  and  48  hour  intervals.  Died  7  hours 
after  the  last  dose.  Biliary  canals  contained  numerous  live  D.  lanceatum. 
There  were  5  degenerated  F.  hepatica  in  the  gall  bladder,  none  in  the  biliary 
canal,  1  degenerated  specimen  in  the  large  intestine,  and  about  50  live  speci- 
mens in  the  peritoneal  cavity,  associated  with  peritonitis. 

5.  Sheep  received  four  doses  at  48,  24,  and  24  hour  intervals.  Killed  3  days 
after  the  last  dose.  Biliary  canals  contained  sevefal  D.  lanceatum,  all  living. 
There  were  no  F.  hepatica  in  the  bile  ducts,  the  gall  bladder,  or  the  intestine. 

The  three  check  sheep  were  killed  at  the  end  of  the  experiment  and  showed 
178,  85,  and  497  F.  hepatica,  respectively,  and  numerous  D.  lanceatum,  aU 
living. 

The  degeneration  undergone  by  F.  hepatica  under  the  influence  of  male 
fern,  and  to  a  lesser  extent  of  atoxyl,  begins  at  the  posterior  extremity  and 
progresses  anteriorly,  spme  individuals  being  green  and  flabby  at  the  i)osterior 
end,  while  the  cephalic  end  was  still  capable  of  movement 

They  conclude  that  male  fern  is  a  satisfactory  treatment  for  in- 
fection with  F.  hepatica  if  takeil  before  there  are  irremediable 
lesions  and  at  least  four  doses  of  5  grams  each  administered.    This 
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will  kill  F,  hepatica  in  the  liver,  but  not  in  the  peritoneal  cavity. 
At  the  same  time  it  is  effective  against  gastrointestinal  strongylosis. 
It  has  no  effect  on  D.  lanceatum. 

In  a  later  paper  (Railliet,  Moussu,  and  Henry,  1911d)  these 
authors  recapitulate  the  foregoing,  noting  the  earlier  work  of 
Grassi  and  Calandruccio  and  of  Perroncito.  They  add  the  following 
experiments: 

Four  sheep  were  given  5  grams  of  ethereal  extract  of  male  fern  in  25  c.  c.  of 
oil  for  four  successive  days,  a  fifth  animal  being  kept  as  check.  All  the  sheep 
showed  fluke  eggs  in  the  feces.  Four  days  after  the  last  dose  they  were  all 
killed.    Autopsy  showed  the  following: 

1.  Liver  contained  1  F.  hepatica  (presumably  alive),  but  marked  lesions  of 
cirrhosis  indicated  the  recent  disappearance  of  other  flukes. 

2.  Liver  contained  2  live  F,  hepatica  in  the  terminal  ducts  and  3  dead 
and  degenerated  forms.    Hepatic  lesions  moderated. 

3.  Liver,  abnormal  in  appearance,  contained  26  live  F.  hepatica  and  1 
dead  one. 

4.  Liver  contained  1  live  F,  hepatica. 

5.  Check  animal.    Liver  strongly  cirrhotic,  contained  296  live  F.  hepatica. 
All  animals  contained  a  number  of  live  D.  lanceatum. 

They  conclude  that  male  fern  is  effective,  and,  for  sheep,  suggest 
a  dose  of  1  gram  of  ethereal  extract  for  every  5  kilos  of  live  weight  of 
animal ;  for  cattle,  about  30  grams  for  350  to  400  kilos  of  live  weight. 
They  note  that  male  fern  is  comparatively  cheap  and  suggest  that  it 
be  administered  by  means  of  a  rubber  tube. 

The  status  of  anthelmintics  in  bilharziasis  is  indicated  in  the 
following  summary : 

Stiles  (1904)  says:  "Favorable  results  are  claimed  from  repeated 
doses  of  male  fern ;  some  authors  consider  specific  treatment  futile." 

Sandwith  (1909)  writes  of  bilharziasis: 

No  method  has  as  yet  been  discovered  of  killing  the  worms  in  the  human 
body;  the  ordinary  vermifuges  are  uselesa  ♦  •  ♦  The  liquid  extract  of 
male  fern,  in  doses  of  15  minims  3  times  a  day,  is  the  only  drug  of  known  value, 
for,  though  it  does  not  expel  the  parasites  [How  could  it?],  it  seems  to  weaken 
their  power  of  doing  harm;  it  diminishes  hematuria,  allays  vesical  Irritation, 
and  reduces  the  number  of  eggs  passed  in  the  urine  and  feces. 

Joannid&s  (1911)  has  tried  salvarsan  in  bilharziasis  in  8  cases,  and 
reports  that  a  single  injection  of  0.5  to  0.6  gram  (?)  of  salvarsan 
in  the  case  of  adults  and  0.25  gram  (?)  in  the  case  of  a  12-year-old 
child  resulted  in  cessation  or  great  diminution  of  hematuria,  relief 
from  vesical  and  urethral  irritation,  and  a  disappearance  of  the  eggs 
from  the  urine.  He  concludes  that  salvarsan  is  destructive  of  Schis- 
tosomum  hoem-atohium  and  its  eggs  and  thus  brin^  about  a  cure  of 
the  disease. 

Loos-s  (1912)  takes  exception  to  the  conclusions  of  Joannidte  and 
states  that  bilharziasis  is  a  disease  characterized  by  lesions  due  to  the 
passage  through  or  retention  in  the  tissues  of  the  bladder,  rectum, 
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etc.,  of  vast  numbers  of  eggs,  the  parasite  itself  in  the  blood  vessels 
having  practically  no  direct  pathological  significance.  By  the  time 
the  patient  goes  to  a  physician  for  treatment  for  hematuria  the 
worms  producing  the  ^gs  which  cause  this  are  probably  dead  or 
near  their  end.  Looss  looks  upon  the  cures  reported  by  Joannid^s 
as  resulting  from  an  artificial  retention  of  the  eggs  in  the  tissues, 
causing  thereby  a  suppression  of  the  symptoms  but  not  a  cure  of  the  " 
disease.  For  the  purpose  of  this  article — a  consideration  of  the 
question  whether  anthelmintics  are  effective  against  metazoan  para- 
sites located  elsewhere  than  in  the  digestive  tract — ^the  question  as  to 
whether  the  killing  of  the  fluke  is  desirable  or  not,  or  as  to  whether 
the  bilharzia  disease  is,  strictly  speaking,  one  due  to  flukes  or  to 
fluke  eggs,  is  not  material.  Looss  does  not  attack  Joannid^'s  con* 
elusions  that  the  embryos  in  the  fluke  eggs  and  possibly  the  adult 
flukes,  also,  are  killed  by  salvarsan. 

Conor  (1911)  has  tried  salvarsan  in  one  case  of  bilharziasis  and 
found  it  inefficacious.  Eggs  containing  living  miracidia  were  found 
in  the  patient's  urine  every  day  but  one  for  a  month  after  the 
treaiment. 

Fiillebom  and  Werner  (1912)  have  also  tried  salvarsan  in  a  case 
of  bilharziasis.  with  the  same  negative  result. 

Day  and  Richards  (1912)  have  criticized  Joannides's  findings,  and 
report  three  cases  in  which  salvarsan  was  administered  with  no  effect 
on  the  passage  of  living  ova  or,  in  two  cases  examined,  on  the 
eosinophilia. 

A  summary  of  the  foregoing  papers  on  the  treatment  of  hepatic 
distomatiasis  shows  the  following: 

The  administration  of  anthelmintics  has  been  declared  effective  by 
Grassi  and  Calandruccio  as  a  result  of  experiments  (number  not 
given)  followed  by  fecal  examination  and  post-mortem  (inale  fern) ; 
by  Perroncito  after  three  experiment  cases  followed  by  fecal  ex- 
amination and  post-mortem  (male  fern) ;  by  Floris  after  experiments 
(number  not  given)  in  which  no  autopsies  or  subsequent  fecal  ex- 
aminations showing  absence  of  eggs  are  noted  (carbon  bisulphid) ; 
by  Alessandrini  after  two  experiment  cases  followed  by  autopsy 
(male  fern) ;  by  Borini  after  experiments  (number  not  given)  in 
which  no  autopsies  or  subsequent  fecal  examinations  showing  absence 
of  eggs  are  noted  (male  fern  and  thymol) ;  and  by  Railliet,  Moussu, 
and  Henry  after  nine  experiment  cases,  four  other  animals  being 
used  as  checks,  followed  by  autopsy  (male  fern).  This  is  a  total  of 
14  detailed  experiments  and  2  other  sets  of  tests  with  the  number  of 
animals  not  given.  Eomagnoli's  treatment  is  omitted  from  con- 
sideration in  this  summary,  as  no  claim  has  been  made  that  it  affects 
parasites  already  established  in  the  host. 

.   In  the  case  of  venal  distomatiasis,  male  fern  has  been  commended 
as  being  efficacious,  with  no  data  found  by  us  on  casual  examination 
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of  the  literature  as  to  autopsy  showing  that  the  death  of  the  fluke 
actually  follows  the  administration  of  the  male  fern.  Salvarsan  has 
been  commended  on  the  basis  of  a  cessation  of  sjrmptoms  following  its 
administration  in  eight  cases  of  bilharziasis,  and  opposed  on  the  find- 
ings in  five  cases  in  which  its  administration  was  without  effect. 
Looss  questions  the  benefits  of  salvarsan  as  regards  the  organic 
lesions  due  to  the  parasite,  while  the  other  writers  take  exception  to 
Joannides's  findings  as  not  conforming  to  other  known  facts. 

AUTHORS'   EXPERIMENTS. 

Being  engaged  in  a  study  of  tapeworm  disease  of  sheep,  due  to 
Thysanosoma  actimoides^  the  authors  have  taken  advantage  of  oppor- 
tunities to  test  carbon  bisulphid  and  male  fern  as  remedies  for  this 
disease.  At  the  request  of  a  sheep  owner  we  also  tested  a  certain 
proprietary  remedy.  This  remedy  was  found  on  analysis  by  the 
Biochemic  Division  of  the  Bureau  of  Animal  Industry  to  consist  of 
49  per  cent  ferrous  sulphate,  13  per  cent  arsenious  oxid,  8  per  cent 
oxids  of  calcium,  potassium,  silicon,  and  magnesium^  and  29  per  cent 
organic  matter,  nature  not  determined  but  not  containing  santonin 
or  any  other  vegetable  alkaloid. 

Tests  of  carbon  bisulphid  were  made  by  the  junior  author  at  the 
ranch  of  Mr.  Wells,  near  Resolis^  Colo.,  in  July,  1911.  A  Mexican 
herder  at  one  camp  was  instructed  to  cut  out  six  sheep,  picking  the 
poorest  and  weakest  as  being  the  most  likely  victims  of  thysano- 
somiasis.  Events  proved  that  some  of  the  sheep  selected  were  really 
too  sick  for  the  experiment. 

The  experiments  were  as  follows: 

1.  Administered  6  grams  of  carbon  bisulphid  in  capsule  to  a  sheep.  Sheep 
crushed  one  or  two  capsules  and  seemed  greatly  distressed  thereby.  Repeated 
dose  after  dO-hour  interval.  Sheep  found  dead  the  next  day.  Post-mortem 
showed  appearances  similar  to  those  of  hemorrhagic  septicemia.  A  number  of 
live  bile-stained  Thysanosotna  found  in  the  enlarged  bile  ducttt  and  a  number 
of  others  in  the  duodenum.  One  specimen  of  Thysanosoma  was  found  with  th& 
head  in  the  fourth  stomach  and  the  rest  of  the  worm  in  the  third  stomach; 
this  might  have  been  due  to  post-mortem  wandering  or  to  a  reverse  peristalsis. 
Two  specimens  of  Cysticcrcua  tcnuicollis  were  found  adhering  to  the  liver  and. 
one  to  the  duodenum.  The  fluid  content  of  the  cysticercl  was  stained  wlthi 
blood.  Death  was  perhaps  hastened  by  the  administration  of  the  carbon 
bisulphid.  Two  doses  of  6  grams  each  had  not  killed  the  tapeworms  in  this, 
case. 

2.  Administered  6  grams  of  carbon  bisulphid  In  capsule.  Repeated  dose 
after  30-hour  interval.  Sheep  found  dead  the  next  day.  Post-mortem  showed 
api)earances  similar  to  those  of  hemorrhagic  septicemia ;  death  perhaps  hastened 
by  the  administration  of  the  carbon  bisulphid.  There  were  no  tapeworms  any- 
where, and  no  lesions,  such  as  thickened  and  enlarged  bile  and  pancreatic  ducts^ 
to  show  that  there  had  been  any  tapeworms. 

3.  Administered  6  grams  of  carbon  bisulphid  in  capsule.  Repeated  dose 
after  30-hour  interval.    Sheep  found  dead  the  next  day.    Post-mortem  showed 
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appearances  Bimilar  to  those  of  hemorrhagic  septicemia.  Death  was  perhaps 
hastened  by  the  administration  of  carbon  blsnlphid.  No  Thysanoaoma  or  lesions 
nttrlbntable  to  this  worm  were  found. 

4.  Administered  6  grams  of  carbon  blsnlphid  in  capsule.  Fifty  hours  later 
administered  4.5  grams  of  carbon  blsnlphid  and  repeated  this  dose  24  hours 
later.  Killed  the  sheep  20  hours  afterwards.  No  tapeworms  were  found  on 
antoiMsy,  but  the  gall  ducts  were  thickened  and  enlarged,  as  was  also  the 
pancreatic  duct,  probably  the  result  of  former  Infestation  with  Thysimoaoma. 
No  worms  had  been  found,  howeyer,  in  the  feces  of  this  or  any  of  the  other 
sheep. 

5.  Administered  6  grams  of  carbon  bisulphid  in  capsule.  Fifty  hours  later 
administered  3.6  grams  of  carbon  bisulphid  and  repeated  this  dose  24  hours 
later.  Killed  the  sheep  20  hours  afterwarda  No  tapeworms  were  found  on 
autopsy. 

6.  Administered  6  grams  of  carbon  bisulphid  in  capsule.  Forty-eight  hours 
later  sheep  was  down,  with  a  respiration  rate  of  210.  Sheep  found  dead  24 
hours  later.  No  eyidences  of  the  efficacy  of  the  drug — that  is,  dead  specimens 
of  Thyaanoaoma — ^were  found.    Other  notes  regarding  this  autopsy  lost. 

A  summaiy  of  the  above  experimients  shows  that  sheep  No.  1  had 
live  tapeworms  in  the  liver  and  intestines, after  receiving  two  doses 
of  6  grams  each  of  carbon  bisulphid  on  two  successive  days;  that 
Nos.  2  an4  3  after  the  same  treatment  had  no  tapeworms  or  lesions 
indicating  their  presence ;  and  that  Nos.  4,  5,  and  6  showed  no  dead 
tapeworms  on  autopsy.  As  stated  before,  no  tapeworms  were  found 
in  the  feces  of  any  of  these  sheep.  These  experiments  were  incon- 
clusive, but  they  point  to  the  inefficacy  of  carbon  bisulphid  in  that 
where  tapeworms  were  found,  as  they  were  in  one  case,  after  12 
grams  of  carbon  bisulphid  had  been  administered,  the  tapeworms 
were  alive. 

It  should  be  noted  in  this  connection,  as  a  matter  of  passing  inter- 
est, that  no  stomach  worms  were  found  in  these  sheep  on  post-mortenu 

The  next  set  of  experiments  was  made  by  both  of  us  at  Mr.  Wells's 
ranch  later  in  July.  This  time  four  sheep,  selected  as  probably  suffer- 
ing from  Thysanoaoma  infection,  were  used  to  test  the  ethereal  extract 
of  male  fern,  and  two  sheep  in  good  condition  were  used  to  test  the 
proprietary  medicine  previously  referred  to.  The  experiments  were 
as  follows: 

Sheep  Nos.  1  and  2  were  given  two  tablets  each  of  the  proprietary 
medicine,  according  to  the  directions  furnished  with  the  medicine. 
No.  1  was  killed  24  hours  later.  A  number  of  Thyaanoaoma  were 
found  in  the  gall  bladder  and  intestine,  and  Hmmonchua  contortus 
and  Oatertagia  hulloaa  in  the  fourth  stomach.  All  the  worms  were 
alive,  although  the  advertisement  of  the  remedy  claimed  that  the 
dose  given  would  kill  any  worm  in  the  digestive  tract.  No.  2  was 
killed  48  hours  after  receiving  the  dose.  Specimens  of  Thyaanoaoma 
were  found  in  the  gall  ducts,  two  in  the  pancreatic  duct,  and  a  num- 
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ber  in  the  intestine;  Haemonchus  and  Ostertagia  in  the  stomach. 
All  the  worms  were  alive. 

The  analysis,  already  given,  of  this  medicine,  indicated  that  it  is 
practically  inert  as  a  vermifuge  and  that  any  improvauent  following 
its  use  would  be  attributable  to  the  tonics  contained  in  it  The  nega- 
tive results  with  this  medicine  were  precisely  what  might  be  expected. 
At  a  time  when  parasitologists  in  practical  work  are  not  aware  of 
adequate  remedies  for  all  kinds  of  worms,  and  especially  of  any  one 
remedy  which  is  efficacious  against  all  kinds  of  worms,  it  is  imlikely 
that  the  manufacturers  of  proprietary  medicines  will  have  this 
information. 

In  the  male-fern  experiment,  sheep  Nos.  3,  4,  5,  and  6  were  given 
9  c.  c.  of  the  ethereal  extract  thoroughly  mixed  with  25  c.  c,  of 
linseed  oil — ^the  dose  recommended  by  Railliet,  Moussu,  and  Henry — 
in  the  morning  of  four  successive  days.  They  were  killed  the 
afternoon  of  the  fourth  day.  No.  3  had  one  dead  and  partly  digested 
Thyaanosoma  in  the  gall  bladder;  No.  4  had  one  live  Thyaanoaoma 
in  the  gall  duct  and  one  live  one  in  the  pancreatic  duct ;  Nos.  5  and  6 
had  no  tapeworms.  No  Hcemonchus  was  found  in  any.  Live  Oster- 
tagia  were  found  in  Nos.  1,  2,  and  3.  All  of  the  sheep  had  some 
signs  of  pneumonia,  a  marked  retention  of  urine,  with  a  slight  cys- 
titis, due  apparently  to  the  male  fern.  Considerable  purging 
occurred  during  the  last  two  days,  which  is  attributable  to  the  linseed 
oil.    No  tapeworms  were  found  in  the  feces. 

The  finding  of  a  dead  Thysanosoma  in  the  gall  bladder  of  No.  1 
is  a  fact  pointing  to  a  possible  efficacy  of  the  male  fern ;  the  presence 
of  live  Thys(mo8oma  in  No.  2  rather  offsets  this. 

As  the  experiments  were  not  conclusive,  we  repeated  them  later  on 
the  ranch  of  Mr.  Kennedy,  near  Amo,  Colo.  Five  sheep  were  selected, 
one  of  them  being  used  as  a  check.  Four  sheep  were  each  dosed  with 
6  c.  c.  of  ethereal  extract  of  male  fern  thoroughly  mixed  with  25  c.  c 
of  linseed  oil,  on  four  successive  days.  The  sheep  were  killed  on  the 
fifth  day.    Autopsy  findings  were  as  follows: 

1.  Twelve  Thysanosoma  in  gall  ducts  and  duodenum  and  2  StrongyMdeB 
papillosua  in  intestine    No  Haemonchus. 

2.  Twelve  Thysanosoma  in  duodenum,  1  in  common  bile  duct,  4  in  biliary 
ducts,  1  in  gall  bladder,  and  1  in  {lancreatic  duct,  a  total  of  19;  4  Hwmonchui 
and  2  Ostertagia  in  fourth  stomach. 

3.  Five  Thyaanoaoma  in  duodenum,  1  in  gall  bladder,  and  3  in  bile  duct8»  a 
total  of  9;  158  Hwmonchua  in  fourth  stomach  and  10  Nematodirtis  filicollia  in 
intestine. 

4.  Seven  Thysanoaoma  in  duodenum  and  5  in  gall  ducts,  a  total  of  12;  a  few 
Hmmonchus  and  about  20  Oatertaffia  in  fourth  stomach. 

Ck  Check  animal.     Two  Thysanoaoma  in  the  gaU  ducts;  a  few  Hcenumchus 
and  Oatertagia  in  fourth  stomach  and  3  Strongyloidea  in  inteatine. 
The  Thyaanoaoma  were  ail  alive,  as  were  the  nematodes. 
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It  appears  from  these  experiments  that  male  fern  as  administered 
is  not  efficacious  against  thysanosomiasis.  While  the  negative  find^ 
ings  of  the  former  experience  are  inconclusive,  the  findings  in  this 
case  are  fairly  canclusive.  The  failure  of  the  medicine  to  exert  any 
effect  on  four  infected  sheep  indicates  that  male  fern  is  not  a  remedy 
which  could  be  recommended  in  thysanosomiasis. 

GENERAL  SUMMARY  AND  CRITICISM. 

It  appears  from  the  foregoing  that  anthelmintics  have  been 
claimed  to  be  efficacious  in  8  cases  of  human  somatic  t{eniasis  (male 
fern) ;  inefficacious  in  8  cases  of  somatic  tseniasis  in  the  lower  ani- 
mals (male  fern) ;  inefficacious  in  at  least  6  cases  of  intestinal  and 
extraintestinal  thysanosomiasis  (carbon  bisulphid  and  male  fern) ; 
efficacious  in  over  14  cases  of  hepatic  distomatiasis  (carbon  bisul^ 
phid  and  male  fern) ;  efficacious  in  8  cases  of  venal  distomatiasis 
(salvarsan) ;  inefficacious  in  5  cases  of  venal  distomatiasis  (salvar« 
san) ;  and  efficacious  or  inefficacious,  according  to  various  authors,  in 
an  indefinite  number  of  cases  of  venal  distomatiasis  (male  fern). 

While  the  figures  in  the  above  paragraph  are  preponderantly  in 
favor  of  the  efficacy  of  anthelmintics  against  somatic  helminthiasis, 
it  should  be  borne  in  mind  that  there  is  much  more  likelihood  of  cases 
being  published  where  the  administration  of  a  medicine  is  followed 
by  apparent  cure  of  disease  than  where  it  is  followed  by  evident 
failure  to  cure.  Further  objections  to  the  figures  as  they  stand  are 
based  on  a  critical  examination  of  the  cases.  This  criticism  may  be 
summarized  as  follows: 

Ziirn's  experiments  are  entirely  indefinite  and  lacking  in  detailed 
statement.  In  Feletti's  cases  one  patient  died  in  spite  of  treatment 
and  there  was  no  autopsy,  and  in  the  other  cases  the  possibility  of 
spontaneous  degeneration  of  the  cysticerci,  a  not  uncommon  thing, 
is  not  excluded.  De  Renzi's  cases,  as  we  have  already  stated,  have 
been  criticized  by  Hall  (1909)  as  open  to  suspicion  of  error  as 
regards  diagnosis  and  the  connection  between  the  disease,  the  treat- 
ment, and  the  cure.  Dianoux's  case  is  open  to  much  the  same  criti- 
cism as  those  of  De  Eenzi.  Granting  that  the  diagnosis  was  correct 
(as  it  apparently  was  in  this  case),  the  possibility  of  spontaneous 
degeneration  of  the  parasites  is  not  excluded,  and  it  is  not  safe  to 
conclude  that  their  disappearance  was  due  to  the  treatment.  At  least 
one  of  Hall's  cases  was  not  at  all  conclusive.  None  of  the  cases  deal- 
ing with  distomatiasis  specifically  eliminate*  the  possibility  of  the 
natural  death  and  spontaneous  evacuation  of  the  flukes,  the  usual 
ending  of  the  yearly  life  cycle^  although  the  use  of  check  animals, 
where  such  checks  were  used,  probably  meets  this  objection.  Per- 
Toncito's  cases  show  that  on  the  basis  of  fecal  examination  the  flukes 
apparently  were  not  killed  in  two  cases  out  of  three.    Floris  and 
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Borini  cite  no  post-mortem  findings  or  final  negative  fecal  examina- 
tions in  support  of  their  statements.  Among  the  cases  reported  by 
Railliet,  Moussu,  and  Henry,  autopsy  showed  that  Fasciola  hepatica 
in  four  cases  and  DicrocoBliimi  lanceatum,  in  all  cases  had  survived 
the  full  dose  advocated  by  them.  None  of  Joannidte's  cases  were 
followed  by  post-mortem  examination;  and,  so  far  as  case  records 
are  available,  no  cases  of  bilharziasis  treated  by  male  fern  have  been 
followed  by  post-mortem  examination  to  ascertain  whether  the  ad- 
ministration of  the  male  fern  had  resulted  in  the  death  of  the  flukes. 
In  spite  of  these  objections,  the  total  evidence  collected  here  indi- 
cates that  further  work  along  this  line  is  necessary  and  desirable. 
It  is  possible  that  the  common  opinion  that  medicines  administered 
per  orem  or  subcutaneously  can  not  be  successfully  used  against 
metazoan  parasites  outside  of  the  digestive  tract,  that  the  higher 
orders  of  parasites  can  not  be  killed  by  a  selective  action  of  drugs 
without  injury  to  the  host  animal  in  whose  tissues  they  are  located, 
may  be  erroneous.  Improved  technic  and  better  medicines  have 
marked  great  advance  in  the  treatment  of  protozoan  and  bacterial 
diseases.  Similar  improvements  have  led  to  greater  success  in  the 
treatment  of  intestinal  helminthiasis..  May  not  careful  experiment 
lead  to  the  same  results  in  the  treatment  of  somatic  and  extra- 
intestinal helminthiasis  1  The  subject  is  worth  investigating.  The 
location  of  metazoan  parasites  often  makes  surgical  treatment  im- 
possible, dangerous,  or  improfitable.  Adequate  methods  of  medici- 
nal treatment  would  have  great  medical  and  economic  value  as  well 
as  scientific  interest.  The  present  state  of  our  knowledge  does  not 
warrant  any  conclusion  other  than  this,  that  a  great  amount  of  addi- 
tional work  is  necessary  and  desirable. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  op  Agriculture, 

Bureau  op  Animal  Industry, 

WasUngton,  D.  (7.,  March  22, 1912. 

Sir:  I  have  the  honor  to  transmit  for  publication  as  a  bulletin  of 

this   bureau   the  accompanying  manuscript  entitled  ' 'Methods  of 

Classifjring  the  Lactic-Acid  Bacteria,"  by  Messrs.  Lore  A.  Rogers  and 

Brooke  J.  Davis,  of  the  Dairy  Division  of  this  bureau. 

There  has  hitherto  been  felt  a  need  by  dairy  bacteriologists  and 

others  of  a  classification  of  the  lactic-acid  bacteria  into  naturally 

related  groups  by  means  of  characters  that  can  be  determined  with 

reasonable  accuracy  and  in  a  maimer  ordinarily  available.    This 

paper  describes  the  study  of  about  150  cultures  isolated  from  milk, 

butter,  and  cheese,  derived  from  various  parts  of  the  country,  with 

the  object  of  laying  the  basis  for  a  satisfactory  classification. 

Respectfully, 

A.  D.  Melvin, 

Ohief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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METHODS  OF  CLASSIFYING  THE  LACTIC-ACID  BAaERIA. 


INTRODUCTION. 

The  grouping  of  bacteria  according  to  their  action  on  any  one 
specific  substance  usually  brings  together  bacteria  related  in  that  one 
characteristic  only  but  entirely  unrelated  in  other  respects.  It  is, 
however,  sometimes  convenient  from  a  technical  standpoint  to  group 
bacteria  in  this  way.  The  bacteria  concerned  in  the  souring  of  milk 
have  been  so  grouped  for  so  long  that  many  people  have  come  to 
consider  them  as  a  division  by  themselves  and  their  relation  to  other 
bacteria  has  been  little  considered.  The  bacteria  taking  part  in  the 
souring  of  milk  may  be  readily  divided  into  four  general  groups. 

Group  I  includes  those  bacteria  which  sour  milk  without  peptoniza- 
tion or  gas  formation;  they  grow  poorly  on  artificial  media  and  fail  to 
liquefy  gelatin.  Morphologically  they  show  same  variation,  usually 
appearing  as  a  coccus  or  very  short  bacillus  in  pairs  or  in  chains  of 
varying  lengths.  The  bacteria  of  this  group  are  the  ones  ordinarily 
designated  as  the  lactio-acid  bacteria  and  have  been  described  under 
various  names.  They  have  a  very  general  distribution  and  their 
presence  in  milk  is  so  constant  that  they  may  be  considered  as 
normal  inhabitants  of  this  medium. 

Group  II  includes  the  bacteria  forming  an  acid  curd  with  evolution 
of  gas.  This  embraces  varieties  of  BacHJlus  coli  and  Bacterium  aerogenes 
or  the  BaciUus  dddi  laetici  of  Heuppe.  The  members  of  this  group 
are  readily  distinguished  from  those  of  Group  I  by  their  abundant 
growth  on  artificial  media,  the  vigorous  evolution  6f  gas,  and  the 
marked  di^erence  in  their  morphology.  An  examination  of  milk 
usually  reveals  their  presence  in  small  numbers,  but  their  number  is 
increased  by  the  influence  of  high  temperatures  or  insanitary  con- 
ditions under  which  the  milk  has  been  collected  or  held. 

Group  III  includes  those  bacteria  forming  an  acid  curd  which  is 
subsequently  partially  peptonized.  The  bacteria  of  this  group  have 
been  little  studied  in  their  relation  to  milk.  It  will  be  shown  that 
this  description  applies  to  varieties  only  distantly  related  to  our 
Group  I  as  weU  as  to  some  closely  connected  with  this  type. 

Group  IV  includes  the  high-acid-forming  bacteria  of  which  the 
Bacillus  bulgaricus  is  the  type.     This  oi^anism  is  distinguishable  from 
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those  of  the  preceding  groups  by  its  slender  rodlike  form,  its  charac- 
teristic colonies  on  agar^  its  inability  to  grow  in  ordinaiy  artificial  media^ 
and  its  growth  in  the  presence  of  free  acid.  BdciUus  hulgaricus  has 
been  studied  in  its  relation  to  the  fermented  milks  extensively  used  in 
Turkey  and  the  neighboring  countries.  It  has  recently  been 
shown  *  *, ',  *,  that  it  is  very  widely  distributed  and  may  be  isolated 
from  almost  any  sample  of  mixed  nulk.  Its  growth  at  normal 
temperatures  is  so  slow  that  it  is  improbable  that  it  is  a  factor  in  the 
ordinary  souring  of  milk. 

It  is  obvious  that  these  groups  are  connected  only  by  their  ability 
to  ferment  lactose  to  acid  and  the  consequent  precipitation  of  the 
casein.  Groups  I,  II,  and  IV  are  evidently  related  to  each  other  in  no 
other  way.  The  identity  of  the  bacteria  of  Group  III  in  so  far  as  they 
occur  as  milk  bacteria  has  not  been  established.  The  need  of  work 
on  methods  of  classification  rather  than  on  descriptions  of  new 
varieties  or  rearrangement  of  old  names  and  descriptions  is  ex- 
emplified by  the  confused  nomenclature  of  the  bacteria  included 
under  Group  I.  We  find  in  the  literature  such  names  as  Bacterium 
lactia  acidi,  Bacillus  lactis  addiy  B,  addi  Jactici,  B.  ffuntheri,  and 
Streptococcus  lacticus,  all  of  which,  so  far  as  can  be  determined  by 
published  descriptions,  may  be  included  in  Group  I.  These  names 
are  based  on  variations  in  morphology,  differences  in  growth  on 
artificial  media,  on  the  rate  of  acid  formation  in  milk,  and  various  other 
characteristics  of  doubtful  significance  and  uncertain  stability.  In 
the  light  of  recent  investigations  these  names  and  their  accompanying 
descriptions  have  little  more  than  a  historic  interest.  They  represent 
the  attempt  to  establish  types  by  the  study  of  an  isolated  individual 
organism  with  little  regard  to  its  relation  to  other  similar  individual 
organisms. 

Approached  &om  the  standpoint  of  the  dairy  bacteriologists,  the 
lactic-acid  bacteria  have  been  considered  as  a  sharply  defined  group 
peculiar  to  milk.  The  students  of  pathogenic  bacteria  have  been 
inclined  to  iQok  on  them  as  a  variety  of  some  of  the  pus-forming 
streptococci. 

The  opinion  that  the  term  lactic-acid  bacteria  covers  a  group  of 
species  or  varieties  and  that  the  names  and  descriptions  already  pub- 
lished do  not  r^resent  the  true  grouping  is  reflected  in  the  frequent 
attempts  to  establish  means  of  separating  the  group  into  stable 
species  or  varieties.  McDonnell^  attempted  to  do  this,  basing  his 
descriptions  largely  on  the  effect  on  milk.  A  somewhat  similar  course 
was  followed  by  Weigmann."  Mtlller^  found  a  correlation  in  the 
solution  of  red  blood  corpuscles  and  the  agglutination  of  immune  sera 
by  the  streptococci  of  sour  milk  and  certain  pathogenic  streptococci, 

•  The  refeienoe  flgures  relttte  to  the  list  of  reliBrenoeB  to  llteratare  at  the  end  of  this  bulletin. 
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and  considered  that  this  indicated  a  relationship.  Lohnis^  has  made 
a  classification  of  the  lactic-acid  bacteria  based  largely  on  gas  f  orma- 
tion^  coagulation  of  milk,  formation  of  slime,  and  liquefaction  of 
gelatin.  Conn,  Esten,  and  Stocking*  have  used  in  their  descriptions 
the  action  on  milk  and  the  usual  culture  characteristics.  Heinemann* 
as  a  result  of  his  studies  on  the  bacteria  of  sour  milk,  excludes  the 
name  of  Bacillus  dddi  lacticiy  and  concludes  that  aside  from  the  part 
taken  by  B.  aerogenes  and  possibly  by  B,  coli  the  spontaneous  souring 
of  milk  is  brought  a'bout  by  the  Streptococcus  Jncticus  of  *Kruse,  an 
organism  identical  with  the  common  streptococci  of  sewage  and 
pathological  conditions.  He  bases  this  conclusion  on  the  similarity 
in  morphological,  cultural,  and  pathogenic  properties. 

All  of  this  work  and  much  more  of  a  similar  nature  adds  little  to  the^ 
systematic^arrangement  of  the  lactic-acid  bacteria.     It  is  generally  ad-f 
mitted  that  it  is  difficult  to  identify  cultures  of  any  but  the  best  known\ 
and  most  carefully  studied  bacteria  by  the  published  descriptions. 
Cultures  which  seem  identical  when  written  descriptions  are  compared 
are  found  to  be  distinct  when  they  are  grown  side  by  side  under 
uniform  conditions.    This  error  in  identification  is  due  partly  to  the 
difficulty  of  conveying  the  appearance  of  an  object  by  words,  but  in  a 
larger  degree  to  the  instability  and  unessential  nature  of  some  of  the 
characters  employed  in  separating  one  bacterial  species  or  variety 
from  another.    The  inadequacy  of  the  ordinary  methods  is  partic-  { 
ularly  felt  when  one  attempts  a  description  of  the  lactic-acid  bac- 
teria.   The  cells  are  small  and  the  morphologicaT  differences  are 
uncertain  and  inconstant.    The  growth  on  solid  media  is  scanty  and 
devoid  of  distinguishing  characteristics.    While  many  of  the  physio- 
logical tests  which  are  found  of  great  value  in  some  groups  fail  when 
applied  to  the  lactic-acid  bacteria,  others,  notably  the  acid  fermenta- 
tions of  sugars,  offer  a  possible  means  of  differentiation  for  members 
of  this  group. 

Variations  in  the  ability  to  ferment  sugars  have  been  observed,  but 
the  use  of  these  variations  in  classifying  or  identifying  cultures  has  ! 
been  limited  for  two  reasons.  There  has  been  a  belief  that  the  < 
fermentative  power  was  not  constant;  that  this  property  could  be 
lost  or  acquired  so  readily  that  it  could  not  be  used  to  differentiate 
one  culture  from  another  with  any  certainty.  The  more  conmion 
objection,  however,  is  that  the  separation  on  the  basis  of  sugar  fer-  | 
mentation  divides  the  lactic-acid  bacteria  and  others  possessing  the  , 
same  general  characteristics,  not  into  natural  groups,  but  into 
innumerable  varieties. 

The  use  of  tests  of  this  kind  in  the  usual  way  by  which  the  f  ermen- 
ti|tion  of,  or  failure  to  ferment,  a  certain  substance  sets  the  culture 
so  reacting  apart  from  all  other  cultures  gives  an  endless  dichotomy 
61104^-12 2 
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limited  only  by  the  number  of  test  substances.  Consequently,  the 
ordinary  use  of  sugars  has  increased  rather  than  diminished  the  con- 
fusion now  existing  in  the  classification  of  the  zymogenic  ^bacteria. 
It  is  obvious  that  what  is  required,  in  systematic  bacteriology  is  not 
descriptions  of  new  species  or  a  rearrangement  of  names,  but  the 
establishment  of  means  of  classification  applicable  technically  and 
correct  biologically.  No  one  basis  of  classification  can  be  used  for  all 
groups  of  bacteria,  but  certain  fundamental  principles  should  govern 
any  method  of  arrangement.  Two  of  the  most  obvious  principles  on 
which  the  selection  of  characters  for  classification  should  be  based 
may  be  stated  as  follows:  The  characters  should  be  constant;  they 
should  be  so  selected  that  they  show  real  biological  relationships.  In 
other  wordS;  bacteria  should  be  arranged  by  means  of  characters  that 
can  be  determined  with  reasonable  accuracy  and  by  means  ordi- 
narily available  into  groups  whose  members  are  related  naturally 
rather  than  by  artificial  bonds,  and  these  characters  should  be  so 
constant  and  so  distinctive  that  identical  organisms  can  always  be 
placed  in  the  same  group. 

This  paper  records  an  attempt  to  determine  which  of  the  charac- 
ters exhibited  by  the  lactic-acid  bacteria  fulfill  these  conditions.  No 
attempt  has  been  made  to  classify  or  name  any  members  of  this  group 
or  to  fix  its  place  in  the  general  bacteriological  system. 

THE  SIGNIFICANT  CHARACTBBS  OF  THE  Z«ACTIC-ACID  BACTBRIA. 

The  morphology,  staining  reactions,  cell  grouping,  cultural  charac- 
ters, and  growth  in  milk  were  considered,  but  more  attention  was  given 
to  the  fermentation  tests.  We  studied  about  150  cultures  isolated 
from  milk,  butter,  and  cheese  obtained  from  various  parts  of  the 
country.  This  collection  included,  in  addition  to  the  typical  milk- 
curdling,  nonliquefying,  lactic-acid  bacteria,  a  number  of  cultures 
curdling  milk  with  subsequent  digestion  and  which  formed  on  gelatin 
plates  small  saucer-shaped  liquefactions  surrounding  a  solid  colony. 

We  have  determined  on  these  cultures  the  morphology,  Gram's 
stain,  cell  grouping,  in  many  cases  formation  of  capsule,  the  nature 
and  amount  of  growth  on  lactose-agar  slopes  and  in  gelatin  stabs, 
the  rate  of  liquefaction  of  gelatin,  the  nature  of  growth  in  broth^ 
growth  in  milk,  the  reduction  of  nitrates  and  of  neutral  red,  and  the 
formation  of  acid  in  broth  containing  various  test  substances.  In 
these  fermentation  tests  we  have  usea  the  sugars  lactose,  dextrose, 
galactose,  saccharose,  and  rafiinose,  the  alcohols  mannite  and  glyc- 
erin, and  the  polysaccharid  inulin.  The  results  of  these  determina- 
tions are  given  in  Table  1. 
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Table  I.— Significant  characterixtict  of  acid-forming  bacteria  derived  from  miii,  buUer, 
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Table  1. — Signifieanl  charaderwlici  qf  aeid-forming  bacteria  derived  from  milk,  hutUr, 
and  dieeie — Continued . 
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MORPHOLOQT, 

The  cultures  examined  showed  four  more  or  lees  distinct  tjrpes. 
The  liquefying  group  included  a  number  of  cultures  of  micrococci, 
with  frequent  grouping  in  tetrads.    This  was  associated  with  good 
growth  on  agar  and  certain  fermentative  reactions  which  made  them 
easily  distinguishable  from  the  liquefying  cultures  with  the  morphol- 
ogy of  the  typical  lactic  bacteria.    The  nonliquefiers,  excepting  a 
few  cultures  of  micrococci,  showed  three  variationa.     Cells  may  be  ' 
nearly  or  quite  round.    When  in  this  condition  they  are  usually 
found  in  chains  of  four  or  more  cells.     Single  cells  or  pairs  of  cells 
are  almost  always  oval  and  sometimes  are  distinctly  of  the  bacillus  i 
type.    A  slight  variation  is  sometimes  found  in  that  the  cells  are  ! 
somewhat  pointed  at  one  end.    All  of  these  types  can  usually  be  found  I 
in  the  same  culture  and  not  infrequently  in  the  same  microscopic 
field. 

The  question  of  the  classification  of  the  lactic-acid  bacteria  as  cocci 
or  as  bacilli  has  been  much  debated  and  is  yet  in  an  unsettled  condi- 
tion. The  formation  of  chains,  on  which  much  emphasis  is  placed 
by  some  writers,  is  not  pertinent,  as  the  tendency  to  form  chains  is 
as  common  among  the  bacilli  as  among  the  streptococci.  In  our 
present  state  of  knowledge  the  proper  placing  of  these  bacteria  is  ^ 
largely  a  question  of  opinion  or  of  definition.  No  satisfactory  settle-  j 
ment  can  be  reached  until  we  have  sufficient  knowledge  to  establish 
the  natural  relations  of  the  lactic-acid  bacteria  with  other  groups.  | 
Kven  in  this  case  it  is  probable  that  close  relationship  will  he  traced 
on  the  one  hand  with  groups  that  are  distinct  cocci  and  on  the  other 
with  groups  that  are  unquestionably  bacilli. 

It  may  be  stated  in  this  connection  that  one  of  our  cultures  (7dv), 
not  differing  morphologically  from  other  cultures  of  the  typical 
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lactic  type,  was  actively  motile.  This  culture  was  pronounced  by 
Dr,  Heinemann  to  be  a  typical  Streptococcus  Idcticus,  except  that  it 
did  not  curdle  milk  promptly. 

All  of  these  cultures  stain  readily  and  are  Gram  positive.  A  cap- 
sule could  usually  be  demonstrated  if  the  test  was  repeated  under 
varying  conditions,  indicating  that  it  is  formed  only  under  certain 
circumstances.  The  circumstances  under  which  a  capsule  was  found 
indicated  that  it  was  in  some  way  connected  with  the  acidity  of  the 
culture. 


./L^l££ 


Fio.  1.— Rate  of  acid  formation  In  milk  at  30*  C.  by  cultures  freshly  isolated  from  milk. 

GROWTH   ON   SOLID   MEDIA. 

Little  need  be  said  under  this  h^ad,  although  the  growth  of  the 
lactic-acid  bacteria  on  agar  and  gelatin  has  been  described  in  great 
detail.  The  growth  is  always  scanty,  and  the  variations,  which  are 
very  slight,  are  due  more  to  differences  in  the  chemical  and  physical 
condition  of  the  medium  than  to  varietal  distinction. 

Some  real  variation  may  be  observed  in  the  size  of  mature  gelatin 
colonies,  but  this  is  so  influenced  by  the  medium  and  the  number  of 
colonies  on  the  plate  that  it  is  of  little  value.  Variations  of  this  kind 
are  probably  merely  expressions  of  a  tolerance  or  intolerance  to 
certain  conditions  which  could  be  determined  with  much  greater 
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accuracy  by  other  methods.  The  reaction  of  a  particular  lot  of 
gelatin  may  produce  large  colonies  of  one  culture  while  it  limits  the 
growth  of  another  culture  to  colonies  of  almost  microscopic  size. 


QBOWTH   IN   MILK. 


The  time  required  to  curdle  milk  under  definite  conditions  has  been 
employed  almost  universally  in  describing  lactic-acid  bacteria, 
although  it  is  generaUy  admitted  that  this  property  is  variable, 
especially  after  the  culture  has  been  grown  under  artificial  conditions. 
This  variation  is  illustrated  by  figures  1  and  2. 


,/l  (Mrs 


/  2  3  4^  S 

Fxo.  3.— Rat«  of  acid  formation  In  milk  at  30*  C.  after  26  generations  (2  years)  on  ftctofl»«gar. 

Figure  1  shows  a  variation  in  the  freshly  isolated  cultures  from  7b, 
which  failed  to  curdle  milk  in  5  days,  to  7k,  which  curdled  milk 
promptly,  forming  nearly  1  per  cent  of  acid  in  48  hours.  Two  years' 
growth  under  uniform  conditions  reduced  these  difTerences  materially. 
The  weaker  cultures  changed  little  or  not  at  all,  but  the  more  active 
ones  lost  much  of  their  vigor;  that  is  to  say,  long-continued  growtli 
under  uniform  conditions  tended  to  reduce  these  cultures  to  a  common 
level.  It  is  not  easy  to  restore  this  lost  vigor.  Repeated  transfers 
in  milk  increased  the  activity  of  some  of  the  cultures,  but  failed  to 
bring  the  more  active  ones  back  to  the  rapid  fermentation  of  the  fresh 
cultures.  It  is  probable  that  these  differences  are  due  to  a  variation 
in  the  vitality  rather  than  to  a  variation  in  the  particular  function 


I 


16 


CLASSIFYING   LACTIC-ACID  BACTERIA. 


of  forming  acid  from  sugar.  In  these  studio  it  was  frequently 
observed  that  those  cultures  curdling  milk  tardily  or  not  at  aU  multi- 
plied slowly  and  never  attained  the  numbers  reached  by  the  cultures 
curdling  milk  in  a  short  time.  This  is  illustrated  by  Table  2,  in  which 
is  given  the  acid  formation  and  rate  of  miiltiplication  of  two  cultures, 
one  curdling  milk  in  a  short  time  and  one  failing  to  curdle  milk  in  24 
hours.  Flasks  of  milk  were  inoculated  from  fresh  milk  cultures  and 
incubated  at  30°  C. 

Tablb  2. — Relative  rate  of  multiplication  and  acid  formation  in  milk. 


Slow  acid  former. 

Rapid  acid  former. 

Houis 
tarn 

iDooala- 

Bacteria 

Bacteria 

ti09. 

Acidity. 

per  cubic 
oentimeter. 

Acidity. 

per  cubic 
oentimeter. 

Percent. 

Percent. 

0 

0.216 

357,000 

0.230 

350,000 

3 

.216 

586.000 

.225 

660,000 

6 

.225 

1,600,000 

.225 

2,000,000 

9 

.226 

16,900,000 

.225 

46,000.000 

12 

.290 

59,500,000 

.261 

157,000,000 

24 

.306 

710,000.000 

.900 

1,830,000,000 

It  will  be  observed  that  in  a  general  way  the  acidity  in  each  case 
is  proportioned  to  the  number  of  cells  present.  This  ia  in  accordance 
with  the  observation  of  Rahn/®  who  calculated  the  amount  of  acid 
formed  in  relation  to  the  number  of  cells  in  the  culture  and  found 
that  this  ratio  was  constant,,  although  when  only  a  small  number  of 
bacteria  were  present  the  amount  of  acid  was  so  small  that  it  could 
not  be  measured  by  ordinary  methods.  Schierbeck/^  who  studied 
this  form  of  variation  in  the  lactic-acid  bacteria,  found  that  by  replat- 
ing  and  making  subcultures  new  cultures  could  be  obtained,  some  of 
which  followed  the  active  fermentation  of  the  original,  while  others 
were  slow  acid  formers.  In  some  of  these  cultures  the  rate  of  acid 
formation  could  not  be  varied  by  subsequent  plating  and  selection, 
but  cultures  in  which  the  ability  to  ferment  lactose  rapidly  seemed 
to  be  fixed  could  be  changed  to  slow  fermenters  by  growii^  ,them  in 
milk  containing  a  small  amount  of  carbolic  acid.  Buchanan  and 
Truax  "  attempted  to  fix  strains  of  the  lactic-acid  bacteria  by  selec- 
tion and  transfer  from  tubes  of  lactose  broth  showing  wide  differ- 
ences in  acidity.  They  failed  entirely  and  concluded  that  "im- 
pressed variations  do  not  appear  to  be  heritable.''  It  seems  propa- 
ble  that  they  were  unable  to  fix  these  variations  because  they  were 
working,  not  with  variations  in  a  function,  but  with  the  rate  of 
multipUcation,  something  which  may  be  controlled  by  an  endless 
chain  of  circumstances.  For  the  same  reasons  this  characteristic 
can  not  be  successfully  used  as  a  basis  for  classification. 
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GROWTH  IN  BROTH. 

The  growth  in  a  medium  of  this  nature  should  be  considered  as  the 
expression  of  certain  pecuUarities  not  evident  on  superficial  examina- 
tion. A  cloudiness  or  turbidity  iS;  with  the  lactic-acid  bacteria,  an 
evidence  of  rapid  growth,  and  it  is  governed  more  by  external  condi- 
tions than  by  the  nature  of  the  culture.  Cultures  which  remain  clear 
in  nonsaccharine  broth  may  be  cloudy  when  certain  sugars  are  added, 
and  others  may  show  cloudiness  when  dibasic  potassium  phosphate 
is  added,  but  not  in  its  absence.  Profuse  cloudiness  is  usually  fol- 
lowed by  a  clearing  and  the  accumulation  of  a  sediment  coinciding  * 
with  the  checking  of  the  growth  by-  increasing  acidity.  Some  few 
cultures,  however,  never  show  turbidity,  and  the  broth  remains  per- 
fectly clear  with  no  evidences  of  growth,  although  a  high  acidity  is 
produced.  This  is  perhaps  due  to  the  tendency  to  form  tangled 
chains  possessing  in  the  aggregate  a  specific  gravity  greater  than  the 
broth.  Mtiller  ^'  states  that  a  clouded  bouillon  is  associated  with  the 
formation  of  single  cells  or  pairs,  while  a  clear  bouillon  is  coordinated 
with  the  formation  of  long  chains.  In  his  work  he  found  that  the 
cultures  that  never  clouded  the  bouillon  were  .the  "Gait  Stamme" 
found  associated  with  yellow  mammitis.  When  the  failure  to  cloud 
the  broth  is  fixed  and  constant  it  may  be  of  some  assistance  in  clas- 
sification. 

REDUCTION    OF    NITRATES. 

The  reduction  of  nitrates  to  nitrites  was  determined  by  growth  in 
the  following  medium  for  7  days  at  30°  C. 

Peptone gram. .      1. 0 

Potanium  nitrate gram. .      0. 2 

Water  (distilled) c.  c. .  1, 000 

Of  the  147  cultures  tested  for  the  reductioii  of  nitrates,  17  gave  a  .• 
positive  reaction.  All  of  these  were  differentiated  from  the  typical; 
lactic-acid  bacteria  by  one  or  more  coordinated  characters.  Twelvel 
were  of  the  liquefying  tetrad  group.  Three  (6fl,  7aa,  and  7ak),  werej 
gas  formers,  and  7ak  was  in  addition  a  bacillus  larger  than  the  lactic! 
type  and  grew  readily  on  solid  media.  One  (7cc)  resembled  the! 
lactic  type  in  morphology  but  the  cells  were  larger,  and  in  addition! 
to  liquefying  gelatin  and  giving  an  abundant  growth  on  agar  it'  made } 
milk  slimy.    Culture  7dw  was  a  small  micrococcus. 

None  of  the  cultures  belonging  to  Group  I  gave  any  evidence  of 
growth  in  this  medium.  It  is  therefore  of  no  value  in  making  sub- 
divisions of  this  group,  but  may  be  a  convenient  means  for  the  detec- 
tion of  cultures  resembling  the  type  in  many  features  but  differing 
in  certain  salient  points. 
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EEDUCTION  OF  NEUTRAL  RED. 

In  making  this  test  the  following  medium  was  used: 

Broth  (neutral) c.  c. .  1, 000 

Dextrose grams..  5 

One-half  per  cent  solution  Grttbler's  neutral  red c.  c. .        10 

The  neutral  broth  was  made  as  follows: 

Beef  extract ». grams. .        4 

Peptone grams. .        ]0 

Water c.  c.  1,000 

•  The  tubes  were  examined  after  incubating  at  30**  C.  for  7  days  in 
an  anaerobic  jar  from  which  the  oxygen  was  exhausted  by  absorp- 
tion with  pyrogallic  acid.  Gordon  '^  considers  this  test  of  diagnostic 
value.  It  has,  however,  the  disadvantage  of  not  always  giving  definite 
results,  although  with  nearly  all  cultures  the  reduction  was  either 
nil  or  very  evident.  Of  the  36  cultures  reducing  neutral  red,  a  large 
proportion  ferment  the  more  resistant  test  substances,  such  as  sac- 
charose,  glycerin,  mannite,  and  rafBnose,  and  7,  or  19  per  cent  of  the 
whole,  liquefy  gelatin.  None  of  those  liquefying  gelatin  ferment 
rafBnose,  while  of  the  .29  nonliquefying  cultures  reducing  neutral  red 
75  per  cent  ferment  rafhnose.  There  is  a  correlation  between  the 
reduction  of  neutral  red,  the  liquefaction  of  gelatin,  and  the  fer- 
mentation of  saccharose,  glycerin,  and  mannite  in  one  group  and 
between  neutral  red,  saccharose,  glycerin,  mannite,  raffinose,  and 
inulin  in  another.  These  correlations  are  evident  in  figure  6.  The 
faculty  of  reducing  neutral  red  seems  to  be  usually  coordinated  with 
other  reactions  and  is  therefore  of  some  value  in  differentiating 
cultures. 

LIQUEFACTION  OF   GELATIN. 

The  value  of  this  test  is  too  generally  recognized  to  need  discus- 
sion. In  our  work  we  have  used  Clark  and  Gage's  method  of  reducing 
the  rate  of  liquefaction  to  mathematical  terms,  ignoring  the  appear- 
ance of  the  culture.  The  gelatin  tubes  were  inoculated  by  spreading 
a  few  drops  of  a  fluid  culture  on  the  surface  of*  the  medium.  The 
line  of  the  surface  was  marked  on  narrow  strips  of  paper  pasted  on 
opposite  sides  of  the  tube,  and  the  cultures  were  incubated  at  18® 
to  20**  C.  At  the  end  of  30  days  the  amount  of  liquefaction  was 
measured  and  expressed  as  millimeters  of  Uquefaction.  The  results 
of  this  test  are  tabulated  in  Table  3. 

Table  3. — The  liquefaction  ofgelctin. 


Liqiiefection milUmetere 

Number  of  cultures 

Feri^ent  of  total 


0 

lto5 

6  to  10 

11  to  15 

16  to  20 

21  to  25 

108 

3 

10 

10 

2 

3 

78.3 

2.2 

7.2 

7.2 

1.4 

2.2 

Over  25 

2 

1.4 
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These  results  are  platted  in  figure  3  to  show  the  frequency  of 
occurrence  of  certain  arbitrary  types. 

This  curve  gives  some  indication  of  a  division  on  the  basis  of 
gelatin  liquefaction  into  three  types,  one  failing  to  liquefy,  one 
liquefying  6  to  15  millimeters,  and  one  20  to  25  millimeters.  How- 
ever, the  total  number  of  liquefying  cultures  was  so  small  that  it  is 
safe  to  make  a  division  into  liquefiers  and  nonliquefiers  only,  and  to 
depend  on  other  tests  for  further  division  of  the  liquefiers.  Even 
the  separation  of  the  liquefiers  from  the  nonliquefiers  is  not  entirely 

reUable,  as  it  is  well  known  that  this  character  is  vari- 
able and  under  some  conditions  may  be  entirely  lost. 

If  physiological  tests  are  of  value  they  should  show 
by  correlation  or  lack  of  correlation  which  cultures 
belong  properly  with  the  nonliquefiers  and  which  are 
members  of  Uquefying  varieties  in  which  the  ability  to 
produce  a  proteolytic  enzym  has  been  lost. 

FERMENTATION   OF   CARBOHYDRATES. 

Mention  has  already  been  made  of  the  objections  to 
the  use  of  the  fermentation  of  sugars  and  similar  sub- 
stances. The  question  of  the  constancy  of  these  reac- 
tions has  been  the  subject  of  investigation,  and  while 
there  is  some  disagreement  the  opinion  of  those  who 
have  studied  the  question  most  carefully  seems  to  be 
that  they  are  at  least  as  constant  as  any  of  the 
characters  ordinarily  used  in  classification.    Twort,** 

working  with  gas- 
forming  cultures, 
was  able  to  in- 
•  duce  acid  forma- 
tion from  sugars 
which  the  organ- 
ism originally  did 

not  ferment  by  repeated  transfers  in  a  medium  in  which  this  sugar  was 
the  only  carbohydrate  furnished.  Each  transfer  was  held  14  days  to 
allow  the  cells  to  work  on  the  sugar  after  other  sources  of  food  had  been 
exhausted.  Ritchie  "  concluded  that  while  cultures  of  Bacillus  coli 
tested  at  different  times  gave  constant  fermentation  reactions,  the 
streptococci  were  inconstant.  Gordon*'  tested  the  constancy  of  11 
cultures  by  passing  them  through  mice.  One  culture  lost  ability  to 
reduce  neutral  red  and  one  gained  ability  to  ferment  salicin.  All 
others  remained  unchanged.  In  all  of  this  work  the  fermentative 
ability  was  determined  by  growing  the  organism  in  broth,  with  the 
addition  of  the  test  substance  and  litmus,  and  the  change  of  the 
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litmus  from  blue  was  taken  as  a  positive  reaction.  A  slight  change 
in  the  reaction  of  the  medium  may  change  litmus  from  blue  to  red, 
and  this  acidity  may  be  formed  from  some  substance  other  than  the 
sugar.  The  reduction  of  the  litmus  is  certainly  not  an  indication  of 
the  fermentation  of  the  test  substance.  The  work  of  MacConkey  ^^ 
indicates  that  under  natural  conditions  these  relEictions  are  constant 
and  of  value  in  differentiation.  Among  the  cidtures  examined  were 
15  cultures  of  B.  typhosus  varying  from  one  freshly  isolated  to  one 
grown  16  years  on  artificial  media.  These  gave  identical  fermenta- 
tion reactions  when  tested  with  various  carbohydrates. 

In  another  paper  the  same  investigator  states  that  the  fermentative 
reactions  of  B,  coli  remained  unchanged  after  a  long  exposure  to  un- 
favorable conditions.  He  expresses  the  opinion  that  one  group  is 
not  derived  from  another  by  the  loss  of  characters. 

Harding,**  working  with  Pseudorrumas  campestris,  an  organism 
pathogenic  to  certain  plants,  obtained  somewhat  similar  results.  Of 
the  four  substances  used  for  fermentation  tests  this  organism  attacked 
only  one,  but  this  and  all  other  physiological  tests  employed  were 
identical  for  the  44  cultures  collected  from  various  parts  of  the 
country. 

In  our  own  work  no  systematic  investigation  was  undertaken  to 
determine  the  constancy  of  the  fermentation  reactions,  but  all  our 
observations  tend  to  prove  that  the  property  of  forming  acid  from 
carbohydrates  and  similar  substances  is  not  easily  lost  or  acquired. 
One  cultiu*e  showing  no  evidence  of  ability  to  ferment  saccharose 
was  carried  for  100  generations,  or  a  period  of  about  one  year,  on  a 
saccharose-agar.  At  the  end  of  this  period  the  culture  still  showed 
no  fermentation  of  saccharose  and  the  lactose  fermentation  remained 
unchanged. 

In  no  case  did  any  of  our  cultures  show  any  change  in  fermentative 
ability  on  repeated  tests.  It  not  infrequently  happens  that  a  culture 
failing  entirely  to  give  an  acid  reaction  on  the  first  test  showed  an 
active  fermentation  when  the  test  was  repeated,  but  this  was  evi- 
dently due  to  a  failure  of  the  inoculation  rather  than  to  a  change  in 
the  organism.  Many  of  the  cultures  grew  so  poorly  on  artificial 
media  that  they  were  propagated  with  difiiculty  and  transfers  fre- 
quently failed  to  grow.  A  large  proportion  of  the  cultures  were 
subjected  to  these  tests  two  or  three  times,  some  of  them  at  intervals 
of  several  months.  The  s^ond  test  almost  always  agreed  with  the 
first  not  only  in  the  presence  or  absence  of  fermentation  but  also  in 
the  amount  of  acid  formed.  This  is  illustrated  by  Table  4,  which 
contains  results  on  the  fermentation  of  lactose.  These  figures  were 
picked  at  random. 
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Table  4. — Showing  constancy  offermentation  of  lactose. 
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Tert. 

Acidity  of  broth  expressed  as  per  cent  of  lactic  acid. 

FlMt 

Second 

0.113 
.117 

0.171 
.261 

0.216 
.171 

0.387 
.306 

0.288 
.225 

0.000 
.144 

0.180 
.261 

0.306 
.288 

0.153 

.135 

0.108 
.090 

0.252 
.243 

With  8ome  of  the  test  substances  the  reaction  was  always  very 
positive;  that  is^  the  reaction  remained  unchanged  or  a  considerable 
acidity  was  developed.  This  was  especially  noticeable  with  sac- 
charose, mannite,  and  raffinose.  With  others,  particularly  with 
glycerin,  the  acid  was  developed  slowly  and  in  such  small  quantities 
that  it  was  sometimes  difficult  to  determine  if  there  was  a  real  fermen- 
tation or  a  slight  change  in  the  reaction  which  was  iiidependent  of 
the  test  substance.  In  doubtful  cases  a  retest  usually  gave  definite 
results. 

It  is  not  to  be  expected  that  a  character  of  this  kind  would  be 
absolutely  fixed.  Indeed,  the  fact  that  one  culture  attacks  a  certain 
sugar  while  similar  cultures  do  not  is  evidence  that  this  function  is  or 
has  been  a  variable  one.  There  is,  however,  no  evidence  to  show 
that  the  tendency  toward  variation  in  fermentation  is  any  greater 
than  in  any  other  character  used  as  a  basis  of  classification.  The 
greater  difficulty  comes  in  the  interpretation  of  the  results.  The 
objection  that  the  number  of  varieties  obtained  is  limited  only  by 
the  number  of  test  substances  used  is  valid  only  when  an  absolute 
separation  is  made  on  each  individual  reaction.  The  usual  botanical 
scheme  of  dichotomous  separation  when  applied  to  the  classification  of 
bacteria  on  the  basis  of  fermentation  tests  leads  only  to  confusion 
and  the  rejection  of  the  system.  In  the  card  arranged  for  the  classi- 
fication of  bacteria  by  a  committee  of  the  Society  of  American 
Bacteriologists,  dextrose,  saccharose,  lactose,  starch,  and  glycerin 
are  used  as  test  substances,  and  cultures  are  separated  in  the  usual 
way  on  the  fermentation  of  or  failure  to  ferment  any  one  substance. 
By  the  use  of  these  test  substances  and  similar  methods  we  could 
separate  our  nonliquefying  cultures  into  five  varieties.  But  if  it  is 
proper  to  separate  cultures  on  the  basis  of  the  fermentation  of  dex- 
trose, saccharose,  or  lactose  we  can  use  also  raffinose  and  galactose, 
and  if  glycerin  is  allowable  mannite  can  not  be  excluded,  while  inqlin 
may  be  as  useful  as  starch.  Adding  these  test  substances  and  follow- 
ing the  same  principles  of  division,  we  obtain  no  less  than  14  varieties, 
and  even  these  are  not  stable,  because  the  introduction  of  a  new  test 
substance  would  probably  subdivide  them  still  more  minutely. 

Gordon  *®  was  the  first  to  make  an  extensive  use  of  the  fermentation 
tests.  These  tests  were  also  used  on  an  extensive  scale  by  Andrewes 
and  Gordon '"  and  by  Houston.'*  This  work  show^  the  possibilites 
of  arranging  a  large  number  of  cultures  in  groups  around  type  sets  of 
reactions.     Not  all  of  the  cultures  in  each  group  agreed  perfectly 
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with  the  type.  Some  failed  in  one  reaction,  while  others  possessed 
some  ch^acter  not  common  to  the  entire  group.  MacConkey/' 
using  similar  methods  in  a  study  of  gas-forming  bacteria  from  milk, 
was  able  to  separate  112  cultures  into  17  groups,  and  even  these 
groups  were  sometimes  separated  by  minor  differences  only. 

On  the  basis  of  the  individual  reactions  it  was  possible  to  separate 
these  cultures  into  64  varieties.  This  work  was  continued  and 
placed  on  more  scientific  footing  by  Andrewes  and  Horder,^  and 
especially  by  Winslow  and  Rogers,  *^,^  who  applied  the  principles  of 
biometry  to  the  study  of  bacteria.  In  this  way  has  been  supplied  a 
method  of  utilizing  the  physiological  tests  in  such  a  way  that  bacteria 
may  be  collected  in  natural  groups.  In  tabulating  the  characters  of 
a  large  number  of  cultures,  frequency  of  occurrence  ^of  those  with 
certain  common  characters  indicates  the  type,  while  the  cultures 
varying  from  these  types  occur  in  smaller  numbers  and  form  the 
connecting  links  between  the  types.  This  represents  the  state  of 
affairs  in  nature,  while  a  description  based  by  the  ordinary  method 
on  the  characters  of  a  single  culture  may  or  may  not  agree  with  the 
type. 

In  our  fermentation  tests  we  have  followed  Winslow  in  determining 
the  acidity  rather  than  the  mere  fact  of  fermentation  or  nonfermen- 
tation.  This  is  more  exact  and  sometimes  gives  additional  informa- 
tion of  value  in  separating  cultures.  The  medium  was  made  as 
follows: 

Per  oont. 

Beef  extract 0. 4 

Peptone • 1.0 

Dibasic  potassium  phosphate 5 

Test  substance 2. 0 

The  use  of  dibasic  potassium  phosphate  is  of  advantage  in  that  it 
serves  to  neutralize  the  acid  and  thus  permits  a  more  active  growth 
and  higher  acid  formation.  The  acid  phosphate  formed  evidently 
checks  the  growth  when  a  certain  concentration  is  reached.  The 
neutralization  of  culture  media  by  this  means  is  discussed  by  Hender- 
son and  Webster.'* 

The  cultures  were  incubated  7  days  at  30°  C,  with  the  exception 
of  glycerin,  which  on  accoimt  of  the  slow  fermentation  was  held  14 
days,  and  were  titrated  while  cold  against  twentieth-normal  sodium 
hydrate  with  phenolphthalein  as  an  indicator.  The  result  of  the 
titration  is  expressed  as  per  cent  of  lactic  acid.  Gas  formation  was 
determined  by  using  an  inverted  inner  tube  in  the  dextrose  broth. 
The  results  of  the  fermentation  tests  are  given  in  detail  in  Table  1  and 
are  recapitulated  in  Tables  5  and  6.  The  results  shown  in  the  two 
latter  tables  are  given  graphically  in  figures  4  and  5,  in  which  the 
frequency  of  occurrence' of  cultures  forming  certain  arbitrary  amounts 
of  acid  is  platted. 
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Table  5. — Fermentation  of  test  snbstances  by  liquefying  cultures. 


Test  substance. 


Dextrose: 

N  umber  of  cultures 
Per  cent  of  total... 

Lactose: 

N  umber  of  cultures 
Per  cent  of  total... 

Saocharose: 

Number  of  cultures 
Per  cent  of  total... 

Glycerin: 

N  umber  of  cultures 
Percent  of  total... 

Mannite: 

N  umber  of  cultures 
Per  cent  of  total... 

Oalactoee: 

Number  of  cultures 
Per  cent  of  total. . . 

Rafflnose 

Number  of  cultures 
Per  cent  of  total... 

InuUn: 

Number  of  cultures 
Per  cent  of  total. . . 


Per  cent  of  lactic  acid. 


8 

■ 

o 


1 
3.45 

0 
0 

21 
63.6 

25 
75.8 

22 
66.7 

17 
53.1 

31 
100 

22 
95.6 


s 


4 

13.8 

12 
36.4 

1 
3.0 

2 
6.1 

1 
3.0 

4 

12.5 


d 


5 
17.2 

11 
33.3 

3 
9.1 

1 
3.0 

2 
6.1 

5 
15.6 


0 
0 


2 
8 


12 
41.4 

,    4 

12.1 

0 
0 

4 
12.1 

3 
9.1 

3 
9.4 


2 
3 


1 

3.45 

2 
6.0 

5 
15.1 

0 
0 

3 
9.1 

2 
6.3 


0 
0 


0 
0 

3 
9.1 

1 
3.0 

1 
3.0 

0 
0 

0 
0 


2 

S3 


9 


3 
10.3 

1 
3.0 

2 

6.1 


1 
3.45 


1 
3.0 

1 
3.1 


1 
4.4 


1 
3.0 


2 

9 


s 


o 


1 

3.45 


■ 

8 


I 


3 

d 


1 
3.451 


8 

■ 

o 


•B 


o 


29 


33 


33 


33 


33 


32 
31 


Table  6. — Fermentalion  of  test  substances  by  nonliquefying  cultures. 


Per  cent  of  lactic  acid. 

Test  substance. 

i 

d 

1 

1 

0.9 

3 
2.6 

75 
64.1 

93 
78.2 

78 
67.2 

8 
6.8 

90 
78.9 

101 
86.3 

• 
■ 

2 

s 

d 

0 
0 

5 
4.3 

0 
0 

2 
1.7 

1 
0.9 

5 
4.2 

0 
0 

0 
0 

i 
i 

d 

2 
1.7 

5 
4.3 

0 
0 

12 
16.8 

0 
0 

8 
6.8 

1 
0.9 

0 
0 

• 

i 

i 

i 

i 

• 

2 

d 

i 

I 

d 

2" 

9 

• 

O 

10 
8.6 

1 
0.8 

7 
5.9 

o* 

12 
10.3 

0 
0 

15 
12.8 

§ 

i 

i 

8 

d 

2 

d 

3 
2.6 

• 

o 

< 

3 
2.6 

o 

Dextrose: 

Number  of  cultures 
Per  cent  of  total. . . 

Lactose: 

N  umber  of  cultures 

4 
3.4 

6.8 

1 
0.8 

7 
5.9 

3 
2.6 

19 
16.1 

1 
0.9 

2 
1.7 

10 
8.6 

16 
13.7 

2 
1.7 

4 
3.4 

4 
3.5 

28 
23.7 

0 
0 

9 
7.7 

12 
10.3 

17 
14.5 

1 
0.8 

1 
0.8 

4 
3.5 

20 
16.9 

0 
0 

5 
4.3 

30 
25.9 

25.6 

3 

2.6 

13 
11.2 

31 
26.5 

8 
6.8 

11 
9.5 

0 
0 

3 
2.6 

5 
4.3 

1 
0.8 

1 
0.8 

116 
117 

Per  cent  of  total. . . 

Saocharose: 

Number  of  cultures 
Per  cent  of  total. . . 

1 
0.8 

• 

1 

117 

Glycerin: 

Number  of  cultures 

119 

Per  cent  of  total 

r 

Mannite: 

Number  of  cultures 

3 
2.6 

16 
13.6 

0 
0 

0 

0 
0 

11 
9.3 

1 
0.9 

1 
0.9 

1 
0.8 

1 
0.9 

11 
9.5 

1 
0.8 

0 
0 

11 

9.5 

1 
0.8 

1 
0.9 

• 

116 

Per  cent  of  total. . . 

Galactose: 

Number  of  cultures 

118 

Per  cent  of  total... 
RaflSnose: 

Number  of  cultures 

Per  cent  of  total. . . 
Inulin: 

N  umber  of  cultures 

12 
10.5 

7 
6.1 

1 
0.9 

■  •  •  •  « 

114 
117 

Per  cent  of  total. . . 

We  have  reckoned  auy  acidity  of  below  0.1  per  cent  as  no 
fermentation,  although  this  may  be  an  arbitrary  distinction. 

In  the  work  by  Winslow  previously  cited  the  frequency  curves 
usually  showed  three  modes.  In  his  work,  however,  a  larger  num- 
ber of  cultures  selected  from  various  sources  waa  used,  while  ours 
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came  from  milk  only.  Our  curves  usually  show  only  two  modes, 
one  at  thfl  point  of  no  fermentation  and  one  at  a  point  of  acidity 
varying  with  the  different  test  substances.  There  are,  however, 
'  certain  differences  in  the  curves  of  the  liquefiers  and  the  nonliquefiers. 
The  dextrose  curve  for  the  liquefiers  shows  that  a  lai^e  proportion 
form  0.2  to  0.25  per  cent  of  acid,  with  a  smaller  nimiber  at  0.35  to 
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Fla.  4.— Prequencf  curves  [or  add  lormHtlon  by  the  llqasT^rlEif  iMiltnrej. 

0.4,  while  with  the  nonliquefiera  there  is  a  high  point  at  0.35  to  0.4 
per  cent  and  possibly  a  second  mode  at  0,5  to  0.6. 

With  the  liquefiers  the  other  test  substances  show  two  modes  only, 
Kaflinose  was  not  fermented  at  all,  and  only  one  culture  formed  acid 
from  inulin. 

The  number  of  liquefying  cultures  was  too  small  to  make  many 
deductions  therefrom,  but  it  ia  easj  to  separate  these  cultures  into 
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two  distinct  groups.  One  of  these  forms  a  small  amount  (0.1  to  0.3 
per  cent)  of  acid  from  dextrose,  and  is  a  micrococcus  usually  appeal^ 
ing  in  tetrads.  The  effect  on  milk  is  weak,  and  the  curdling,  which 
is  slow,  is  probably  due  more  to  the  action  of  a  rennet  than  to  the 
production  of  acid.  This  group,  as  represented  by  these  cultures,  is 
undoubtedly  heten^neous,  and  by  the  application  of  these  methods 
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Fio.  t.— FraqQcmcy  coma  lor  add  lOnuatioii  by  the  Danllqoefjrlnc  mlton*. 

to  a  larger  number  of  cultures  would  be  split  up  in  distinct  sub- 
groups. The  second  group  of  liquefiers  is  interesting  in  that  it 
evidently  is  a  variation  frooi  the  typical  nonliquefying  lactic-acid 
oi^anism.  In  its  morphology  it  is  identical  with  the  ordinary  type, 
but  differs  from  it  not  only  in  the  liquefaction  of  gelatin,  but  also 
in  usually  fermeutiiig  glycerin.    Ita  action  on  milk  is  characteristic. 
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The  milk  is  curdled  promptly  with  a  firm  acid  curd ;  digestion  begins 
at  once  and  almost  always  causes  a  separation  of  curd  from  the 
whey  down  the  side  of  the  tube. 

In  the  nonliquefying  group  there  are  with  all  the  test  substances 
only  two  distinct  modes  in  the  curves  with  the  possible  exception  of 
mannite.  In  this  case  there  are  three  modes,  one  below  0.1  per  centy 
one  between  0.1  and  0.35,  and  another  between  0.45  and  0.5. 

Reference  to  Table  1  shows  that  of  the  8  cultures  belonging  to  the 
group  falling  between  0.1  and  0.35  per  cent,  2  were  gas  formers  and  1 
made  milk  slimy,  while  the  other  5  apparently  did  not  differ  from  those 
forming  a  high  acidity  or  failing  entirely  to  ferment  this  substance. 

In  arranging  these  reactions  on  the  basis  of  their  correlations,  one 
of  the  formulas  for  the  expression  of  correlation,  as,  for  instance,  that 
of  Yule,  may  be  used,  but  for  tins  particular  work  the  determination 
of  the  coefficient  of  correlation  is  not  necessary.  Even  a  casual  ex- 
amination of  Table  1  shows  that  the  nonliquefiers  may  be  separated 
into  two  groups,  in  one  of  which  the  fermentation  is  usually  limited 
to  dextrose,  lactose,  and  galactose,  with  an  occasional  culture  fer- 
menting saccharose  or  mannite.  A  second  group  may  be  formed  of 
cultures  in  which  the  fermentative- ability  is  distinctly  higher.  These 
groups  are  illustrated  by  figure  6,  in  which  each  culture  is  placed  in 
one  of  four  groups  and  arranged  on  the  positive  or  negative  side  of 
a  dividing  line,  as  the  case  may  be,  in  each  of  the  salient  characters. 

The  division  of  the  nonliquefiers  is  not  an  arbitrary  one,  as  the 
distinction  between  the  two  groups  is  marked.  Not  only  is  there  a 
general  lack  of  fermentative  ability  in  Group  A,  but  there  is  no  cor- 
relation in  the  few  cases  of  fermentation  of  the  more  difficultly  fer- 
mentable substances.  The  fermentation  of  saccharose  is  no  indica- 
tion that  the  culture  will  ferment  mannite.  On  the  other  hand,  in 
Group  B  more  of  the  test  substances  are  fermented  and  there  is  a 
high  correlation  between  certain  activities.  The  fermentation  of 
raffinose  is  usually  correlated  with  the  fermentation  of  saccharose, 
mannite,  and  glycerin,  and  to  a  lesser  degree  with  inulin.  The  high 
fermentation  is  also  correlated  with  the  reduction  of  neutral  red. 

In  making  up  these  groups  it  was  found  that  6  cultures  (6fl,  7aa, 
7ak,  7cq,  7dw,  and  13u)  did  not  belong  in  this  collection,  and  they 
were  not  included  in  the  table.  It  will  also  be  noticed  that  7ci,  7cg, 
and  7dm  are  in  a  transition  stage  between  Groups  A  and  B,  either 
through  the  loss  of  properties  formerly  possessed  or  the  acquisition 
of  new  ones.  In  morphology  and  general  culture  characters  all  of 
the  numbers  of  this  group  agree  with  the  typical  lactic  culture.  It 
should  be  stated  that  we  obtained  all  of  the  cultures  of  Group  B  from 
one  locality,  Albert  Lea,  Minn.,  although  not  from  one  sample. 
However,  in  the  course  of  another  investigation  a  large  number  of 
cultures  which  could  be  properly  placed  in  this  group  have  been 
isolated  from  Washington  milk,  indicating  that  it  is  widely  distrib- 
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uted,  although  it  does  not  occur  in  so  large  numbers  as  the  Group  A 
type.  While  the  number  of  cultures  included  in  Group  C  is  too 
small  to  permit  many  positive  deductions,  it  is  evident  that  it  rep- 
resents a  type  quite  distinct  from  A  and  B,  from  which  it  is  differ- 
entiated not  only  by  the  liquefaction  of  gelatin  but  also  by  the  cor- 
related functions  of  the  fermentation  of  mannite  and  glycerin  and 
the  failure  to  ferment  rafiinose  and  inulin.  These  9  cultures  include 
3  differing  somewhat  from  the  others  morphologically,  and  it  is 
probable  that  a  larger  collection  would  allow  a  deeper  and  more  posi- 
tive separation.  Group  D  is  made  up  of  cultures  which,  while  they 
are  of  common  occurrence  in  milk,  have  such  a  low  fermentative  ability 
that  they  probably  take  little  part  in  the  normal  souring  of  milk. 

CONCLUSIONS. 

The  stability  of  the  fermentation  tests  is  made  evident  not  only  by 
the  constancy  of  the  reactions  on  repeated  tests,  but  also  by  the 
marked  correlation  between  different  fermentative  activities  and 
between  the  fermentations  and  other  characters. 

The  usefulness  of  these  tests  is  only  apparent  when  by  means  of 
biometrical  methods  the  correlations  are  established  and  the  cultures 
are  arranged  in  groups  possessing  certain  characters  in  common,  but 
in  which  minor  variations  from  the  type  are  not  excluded. 

The  test  substances  used  can  not  be  determined  arbitrarily.  It  is 
probable  that  it  will  be  desirable  to  vary  the  test  substances  used  with 
different  groups  of  bacteria.  We  have  found  raffinose  and  glycerin  and 
the  gelatin  test  especially  valuablci  while  saccharose,  which  has  long 
been  used  for  differential  tests,  has  much  less  value.  All  of  the  groups 
have  many  cultures  fermenting  this  sugar,  and  there  is  little  correla- 
tion with  other  reactions.  While  the  determination  of  the  fermen- 
tation of  rafiGuose  or  glycerin  gives  one  a  good  idea  of  the  group  in 
which  the  culture  should  be  placed,  the  knowledge  that  a  culture  fer- 
ments or  fails  to  ferment  saccharose  is  of  little  assistance. 

It  should  be  remembered  that  these  cultures  were  all  selected  on 
the  basis  of  the  possession  of  a  single  positive  character,  the  fermen- 
tation of  lactose.  If  the  collection  had  been  made  on  a  broader  basis, 
it  is  highly  probable  that  the  cultures  would  have  formed  other 
groups  around  types  distinct  from  those  we  have  found  but  related 
to  them  by  certain  common  characters  and  by  transition  forms. 

The  results  recorded  in  this  paper  are  too  meager  to  warrant  any 
attempt  at  fixing  names  or  establishing  the  place  of  the  lactic-acid 
bacteria  in  the  bacteriological  system,  but  we  believe  that  this  work 
indicates  that  future  efforts  in  the  direction  of  systematic  bacteriology 
should  be  toward  the  determination  of  those  characters  that  are  sig- 
nificant and  enduring  rather  than  in  fruitless  controversy  over  the 
priority  or  stability  of  some  name  based  .on  descriptions  so  undeter- 
minative  that  they  convey  no  meaning. 
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U.  S.  Department  op  AaRiouLTUBS, 

Bureau  op  Animal  Industry, 
WasUnffUm,  D.  C,  June  29, 1912. 

Sm:  I  have  the  honor  to  transmit,  and  to  recommend  for  publica- 
tion in  the  bulletin  series  of  this  bureau,  the  accompanying  manu- 
script entitled  "  The  Influence  of  the  Stage  of  Lactation  on  the  Com- 
position and  Properties  of  Milk/'  by  Prof.  C.  H.  Eckles,  of  the  Mis- 
souri Agricultural  Experiment  Station,  and  Mr.  Roscoe  H.  Shaw,  of 
the  Dairy  Division  of  this  bureau.  The  experimental  work  herein 
described  forms  a  part  of  the  investigations  concerning  milk  secretion 
which  are  being  conducted  at  the  Missouri  station  in  cooperation 
with  this  bureau. 

There  is  a  considerable  amount  of  data  available  bearing  upon  the 
lactation  period  of  cows  and  the  effects  on  the  composition  of  the 
milk,  but  as  a  rule  such  investigations  have  been  confined  to  a  single 
constituent  of  the  milk,  usually  the  fat.  No  record  coidd  be  foimd 
of  any  investigation  with  controlled  animals  where  all  or  even  a 
majority  of  the  milk  constituents  have  been  studied  diuing  a  com- 
plete lactation  period.  Accordingly  it  was  deemed  advisable  to 
undertake  the  present  work  so  as  to  cover  this  point  satisfactorily. 
The  cooperative  work  mentioned  has  been  in  progress  for  about  six 
years.  Investigations  regarding  the  influence  of  other  factors  con- 
cerning milk  secretion  are  also  under  way  and  will  be  reported  Ifiter. 

The  authors  desire  to  acknowledge  their  indebtedness  to  Messrs. 

A.  E.  Perkins,  J.  O.  Halverson,  and  J.  C.  Payne,  formerly  of  the 

Dairy  Division,  for  assistance  rendered  in  compiling  the  data  in  this 

bulletin. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 
A     Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  INFLUENCE  OF  THE  STAGE  OF  lACTATION  ON  THE 
COMPOSITION  AND  PROPERTIES  OF  MILK. 


INTRODUCTION. 

It  is  a  weU-knoDipi  fact  that  although  the  same  constituents  are 
always  present  in  milk,  the  relative  amounts  of  each  are  subject  to 
constant  variation.  These  variations  in  composition  are  known  to 
be  injBuenced  by  a  number  of  causes,  lunong  which  are  (1)  the  breed 
of  the  animal,  (2)  the  individuality,  (3)  to  some  extent  the  feed,  (4) 
the  interval  between  milkings,  (5)  the  various  stages  in  the  period  of 
lactation,  (6)  more  or  less  by  the  health  of  the  animal  and  by  tem- 
perature and  weather  conditions.  It  is  also  known  that  the  fore 
milk  and  the  milk  last  drawn  differ  in  composition,  and  that  some 
variations  occur  between  morning  and  evening  milkings.  A  large 
number  of  observations  are  recorded  regarding  these  variations  and 
their  causes,  mostly,  however,  in  connection  with  the  fat  alone. 
The  data  regarding  certain  of  these  factors  are  consistent  and  con- 
clusive, but  concerning  others  they  are  conflicting  and  insufficient  to 
justify  general  conclusions.  The  main  criticisms  to  be  made  regard- 
ing the  large  amount  of  data  that  has  been  published  along  these 
lines  is  that  in  most  cases  only  the  per  cent  of  fat  was  taken  into 
account  and  that  the  animals  supplying  the  samples  were  not  prop- 
erly selected  and  controlled. 

In  1906  an  agreement  was  entered  into  between  the  Missouri  Exper- 
iment Station  and  the  Dairy  Division,  Bureau  of  Animal  Industi^, 
United  States  Department  of  Agriculture,  for  a  series  of  investiga- 
tions, the  main  object  of  which  was  to  be  a  further  study  of  the 
factors  influencing  the  composition  and  properties  of  normal  milk. 
In  beginning  such  a  line  of  investigation  it  was  decided  that  it  would 
be  necessary  to  repeat  much  of  the  work  that  had  been  done  in  the 
past,  but  imder  more  carefully  controlled  conditions,  in  order  that 
results  might  be  more  definite.  There  are  a  number  of  questions  that 
have  to  be  considered  in  planning  all  such  investigations  regarding 
the  selection  of  suitable  animals  to  furnish  the  samples.  Among  the 
questions  that  always  arise  in  this  connection  are  the  three  following: 
The  effect  of  the  stage  of  lactation,  the  influence  of  the  breed,  and  the 
individual  variations.    The  logical  plan  in  beginning  such  a  series  of 
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investigations  as  was  contemplated  seemed  to  be  first  to  supply  fur- 
ther data  on  the  effect  of  the  three  factors  mentioned.  The  data  at 
the  same  time  would  serve  as  a  basis  for  the  planning  of  future  work 
regarding  the  influence  of  other  factors. 

Since  the  various  stages  in  the  period  of  lactation  represent  a  factor 
always  to  be  taken  into  account  and  one  known  to  have  an  important 
bearing  on  the  composition  of  milk,  plans  were  miade  to  begin  these 
investigations  with  this  as  the  first  main  objective  point.  The  plans 
were  so  arranged  that  the  same  data  would  also  add  to  our  knowledge 
regarding  the  influence  of  the  other  two  factors,  i.  e.,  the  breed  and 
individuality  of  the  animal. 

In  this  publication  the  influence  of  the  stage  of  lactation  alone  is 
considered.  The  data  regarding  the  ixifluence  of  breed  and  indi- 
viduality of  the  animal  are  to  be  published  in  the  near  future. 

PREVIOUS  mVBSTIGATIONS. 

There  is  a  mass  of  data  available  which  has  a  connecuoji  either 
near  or  remote  with  the  influence  of  the  stage  of  lactation  on  the 
chemical  composition  of  milk.  The  advent  of  the  Babcock  test  in 
1890,  which  offered  a  rapid  and  simple  method  for  the  determination 
of  fat,  lent  a  stimulus  to  such  investigations.  As  a  whole  the  inves- 
tigations along  this  line  which  have  been  published  have  been  limited 
to  a  single  constituent  of  milk,  usually  the  fat.  In  but  few  cases  has 
any  attempt  been  made  to  eliminate  the  influence  of  the  feed  of  the 
animals,  and  there  is  no  record  of  any  investigation  on  controlled 
animals  where  all  or  even  a  majority  of  the  milk  constituents  have 
been  studied  during  an  entire  lactation  period. 

No  purpose  would  be  served  by  giving  a  complete  list  of  the  works 
published  on  this  subject.  From  a  laige  number  of  references  the 
following  have  been  selected  as  representing  the  more  important 
investigations  having  to  do  with  the  influence  of  the  stage  of  the 
lactation  period  on  the  chemical  composition  of  milk: 

Schrodt  and  Henzold  ^  in  188^1891  conducted  a  series  of  investiga- 
tions on  the  composition  of  butterfat  and  its  variation  as  influenced 
by  the  period  of  lactation,  feed,  etc.  The  first  investigation  was 
conducted  with  mixed  milk  from  a  herd  of  10  cows  of  Angler,  Brieten- 
burg,  and  Shorthom-Dithmarschen  breeds  and  with  milk  from  an 
individual  Angler  cow.  The  second  investigation  was  conducted 
with  the  mixed  milk  from  a  herd  of  220  cows  of  Angler  and  Ayrshire 
breeds.  The  cows  were  not  kept  on  a  uniform  ration.  In  both 
investigations  they  were  stall-fed  in  the  winter  and  put  out  to 
pasture  during  the  sununer  months.  Samples  were  taken  from  the 
one  Angler  cow  every  day  for  the  first  16  days  after  calving,  then  every 

1  Schrodt,  U..f  and  Heoiold,  O.   UntenadimigBn  tod  ButtartetL   Die  Landwirtaohaftllchen  Vecsochs- 
Stetioiien.  VOL  38,  p.  340-871.    Balin,  1801.   VoL  40,  p.  200-300.    Berlin,  1802. 


PREVIOUS  INVESTIGATIONS.  9 

3  or  4  days  till  the  end  of  the  lactation  period.  The  samples  of 
herd  milk  in  both  investigations  were  taken  twice  weekly.  The 
milk  was  skimmed,  churned  sour,  the  butter  melted,  and  the  clear 
fat  filtered  off.  Determinations  were  made  on  the  samples  from 
the  individual  cow  of  volatile  acids,  iodin  number,  and  the  refractive 
index.  On  the  mixed  milk  the  same  determinations  were  made 
and  in  addition  the  determination  of  the  insoluble  acids.  In  the 
case  of  the  mixed  milk  the  stage  of  the  lactation  period  was  found 
by  averaging  the  lengths  of  the  periods  that  the  individual  cows 
had  been  in  lactation.  In  all  of  the  investigations  the  course  of 
the  variation  of  the  different  constituents  was  practically  the  same 
through  the  lactation  period.  The  following  conclusions  were 
reached: 

In  the  first  milkings  the  percentage  of  volatile  acids  in  the  fat  is  very  low,  but  it 
rises  rapidly  in  the  first  few  days  to  a  maximum  value.  Then  it  remains  stationary 
for  about  2  months,  after  which  it  declines  steadily  until  the  close  of  the  lactation 
period. 

The  content  of  olein  as  shown  by  the  iodin  number  constantly  decreases  during 
the  lactation  period. 

In  the  latter  part  of  the  lactation  period  the  percentage  of  insoluble  acids  is  higher 
than  in  the  first  part 

Aa  a  rule  the  decrease  in  the  volatile  acids  is  accompanied  by  an  increase  in  the 
refractive  index. 

Apparently  the  composition  of  the  butterfat  bears  a  close  relation  to  the  stage  of 
lactation,  but  none  to  changes  from  stall  feeding  to  pasture  feeding. 

Klein  and  Kirsten  ^  in  1901  and  1902  conducted  an  investigation 
on  individual  samples  from  five  cows  to  find  the  effect  of  age  of  the 
cows  and  of  the  stage  of  lactation  on  the  composition  of  the  butterfat. 
The  cows  selected  were  of  different  ages.  Three  were  old  cows, 
aged  respectively  13,  9,  and  8  years.  Two  were  3-year-old  cows. 
All  of  the  cows  were  given  the  same  feed,  but  the  feed  was  not 
uniform  throughout  the  lactation  period.  Samples  were  taken  at 
intervals  of  approximately  one  month.  The  determinations  included 
the  Beichert-Meissl  number,  Koettstorfer  number,  Hehner  number, 
Hubl  number,  and  refractive  index.'  Curves  were  plotted  from 
the  results  and  the  following  variations  due  to  the  period  of  lactation 
shown: 

The  Reichert-Meissl  number  showed  a  gradual  decrease  throughout  the  lactation 
period. 

The  Koettstorfer  number  followed  approrimately  the  same  variations  as  the  Reich- 
ert-Meiaal  number.    In  two  cows  it  rose  near  the  end  of  the  period. 

The  curve  lor  the  Hehner  number  rose  during  the  entire  period.  It  showed  varia- 
tions  which  were  in  the  opposite  direction  to  those  of  the  Reichert-Meissl  number. 

>  Ktoin,  7.,  and  Klistao^Artliur.  Untemichung  Ober  die  chftrntachft  Za8ammeoaetsimg.de6  MilchliBttes 
fiimJhnfr  Kfihe  von  veraehiedeDem  Altar  im  Lauls  elner  Laktotion.  HUch  Zeltnng,  toL  31,  no.  37,  p. 
£77-678,  Sept.  13;  no.  38,  p.  604-606,  Sept.  20;  no.  30,  p.  611-«13,  Sept.  27.    Leipsic,  1008. 

>  For  tlia  metliods  osed  in  these  detenninations  see  footnote  on  page  22. 
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In  general  the  Hubl  number  showed  a  rise  with  the  period  of  lactation,  but  in  2 
cows  there  was  a  decline  near  the  end  of  the  period .  The  authors  ascribe  this  variation 
to  a  change  in  the  feeding. 

The  refractive  index  showed  the  same  variations  as  the  Hubl  number. 

There  were  many  minor  variations  which  were  thought  by  the  authors  to  be  due 
to  difference  in  feeding. 

Penny,  *  of  the  Delaware  Agricultural  Experiment  Station,  secured 
some  data  on  the  effect  of  the  stage  of  lactation  on  the  composition 
of  milk  from  testing  the  large  herd  of  a  Delaware  dairyman.  Three 
series  of  tests  were  made,  each  series  covering  5  consecutive  days, 
the  series  being  located  along  the  course  of  lactation  as  follows:  The 
first,  2\  months  after  calving;  the  second,  6^  months;  and  the  third, 
10^  months. 

From  these  Prof.  Penny  concludes  that  the  quantity  of  milk 
decreases  more  or  less  gradually,  and  the  quality  increases  in  nearly 
the  same  ratio,  as  the  lactation  period  advances. 

Ilinchcliff '  at  Leipsic  in  1901-2  conducted  a  careful  investiga- 
tion, which  included  among  other  factors  the  influence  of  the  stage 
of  lactation  on  the  chemical  composition  of  milk.  His  laboratory 
work  is  so  thorough  that  it  is  to  be  regretted  that  the  number  of 
animals  was  so  limited  and  his  data  concerning  them  so  uncertain. 

He  studied  the  milk  from  3  cows,  one  of  these  from  the  third 
week  of  the  lactation  period  to  the  end  and  another  from  the  seventh 
month  of  the  lactation  period  to  the  end.  Data  concerning  the 
condition  of  the  third  were  lacking,  but  he  states  that  she  was  appar- 
ently fresh  when  the  study  was  commenced.  The  study  of  the 
third  cow  was  also  carried  on  to  the  end  of  the  lactation  period.  He 
took  samples  from  each  milking  for  5  or  6  successive  days,  which 
length  of  time  he  calls  a  period.  These  periods,  with  but  few  inter- 
vals, succeed  each  other  during  the  whole  lactation  period.  Analyses 
were  made  of  each  sample  and  averages  calculated  to  represent 
the  period.  No  attempt  was  made  to  feed  the  cows  on  a  uniform 
ration,  but  a  record  was  kept  of  the  feed  given  them. 

He  found  that  the  greatest  variations  were  in  the  fat,  followed 
by  sugar,  protein,  and  ash  in  the  order  mentioned.  An  increase 
or  decrease  in  the  fat  content  of  the  milk  was  usually  accompanied 
by  a  similar  change  in  the  fat  content  of  the  milk  solids,  but  by  an 
opposite  change  in  the  percentage  of  protein  and  sugar  in  the  milk 
soUds.  The  ash  content  of  the  solids  not  fat  was  practically  con- 
stant. Variations  in  the  content  of  the  solids  not  fat  read  inversely 
to  the  variations  in  the  protein  content.  In  general  the  percentages 
of  fat,  protein,  and  ash  increased  with  the  progress  of  lactation. 

1  Penny,  Charles  Ljrndall.  Herd-testing.  Delaware  Agricultural  Experiment  Station,  Tenth  Annual 
Report,  p.  15^197.    Wilmington,  1896. 

•  Hinchcliff,  Joseph  Henry.  Die  t&glichen  Schwankungen  im  Gehalte  der  KuhmUcb  an  den  eintehien 
Bestandteilen  im  Vorlaufe  der  Laktation.  MitteUungen  des  Landwirtachaftlichon  Institutes  der  Uni- 
veistt&t  LeipEig,  No.  6,  pp.  1-112.    BerUn,  1904. 
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Swaving*  in  1889-90  investigated  the  butterfat  from  cows  in 
various  provinces  in  Holland  with  a  view  of  establishing  the  limits 
of  the  volatile  fatty  acids  in  butter  in  order  to  distinguish  pure 
butter  from  butter  substitutes.  He  took  samples  from  the  different 
provinces  at  regular  intervals  for  a  considerable  period  of  time,  and 
concludes  that  at  the  beginning  of  the  lactation  period  the  percent- 
age of  volatile  fatty  acids  increases,  but  that  it  decreases  as  the 
period  progresses. 

ScheUenberger,  *  in  the  University  of  Leipsic,  made  a  study  of  the 
size  of  fat  globules  with  reference  to  the  different  breeds  and  periods 
of  lactation.  His  published  tables  gave  figures  in  which  he  shows 
that  the  Jersey  cow  has  the  laigest-sized  globules  and  the  Angler 
cow  the  smallest.  He  also  shows  that  as  the  lactation  period  pro- 
gresses the  size  of  the  globules  decreases. 

Hills,'  of  the  Vermont  station,  studied  the  results  of  over  100 
lactation  periods  of  cows  of  many  breeds,  with  diversified  feed  and 
in  three  geographical  localities,  namely,  New  York,  Minnesota, 
and  Vermont.  His  conclusions  are  given  in  a  summary,  in  which 
he  states: 

The  average  spring  cow  rapidly  betters  the  quality  of  her  milk,  beginning  about 
5  months  after  calving;  the  summer  cow  starts  in  as  early  as  the  third  month;  while 
the  fall  cow  maintains  a  fairly  even  quality  throughout  her  lactation  period,  seldom 
improving  it  more  than  5  per  cent  in  fat  content.  The  percentage  of  solids  not  fat 
also  is  more  uniform  month  by  month  in  the  milk  of  the  fall  cow.  The  percentage 
of  solids  not  fat  in  the  milk  of  spring  cows  seems  to  lessen  somewhat  in  the  summer 
time. 

The  greatest  monthly  variation  in  the  quality  of  the  milk  of  115 
cows  was  3.11  per  cent  fat;  the  least  0.33  per  cent  fat.  The  average 
variation  was  1.26  per  cent  fat;  the  average  monthly  variation  of 
spring  cows  was  1.62  per  cent  fat;  of  fall  cows,  1.08  per  cent  fat; 
of  summer  cows,  1.25  per  cent  fat.  Two-thirds  of  the  Vermont 
and  Minnesota  herds  gave  thinnest  milk  during  the  first  2  months 
and  two-thirds  of  the  New  York  herds  during  the  first  4  months. 
Ninety  per  cent  of  the  Vermont  and  Minnesota  cows  gave  their 
richest  milk  after  the  seventh  month.  Sixty  per  cent  of  the  New 
York  cows  gave  their  richest  milk  before  the  eighth  month. 

Speir,^  at  Newton  Farm,  Glasgow,  reviewed  the  records  of  about 
400  cows  that  were  included  in  the  herds  of  members  of  a  more  or 
less  local  testing  association,  with  a  view  of  studying  the  changes  in 

>  SwsTteg,  A.  7.  Bftttignnpuhlfln  fOr  die  flOchtlgeD  Fettaftoren  d«r  nladttlftndlschea  Battenortm. 
DiBLandwlrtBcfaaftIkdlflnVflEroldl84tatloIlflI^▼oL39,p  Berlin,  1301. 

>  ScheUenbeiger,  O.  Ueber  die  Onne  nnd  die  Zahl  der  Fettka|[eiehflii  in  der  MQdi  Ton  Kflhen  ver- 
sciUedeDer  Bassen.   Hlldi  Zeitong,  voL  22,  No.  50,  pp.  817-819.    Bremen,  Dec.  10, 1803. 

•Hllb,  Joseph  Lawxenoe.  Variations  in  milk.  Vermont  Agricultoral  Experiment  Statkni,  Ninth 
Annual  Report  (1805),  pp.  158-186.    MontpeUer,  1896.    See  p.  158. 

*  Speir,  7olm.  Uilk  leoorda.  Tianaactiona  of  the  Highland  and  Agricultural  Bociety  of  Scotland, 
■er.6,T0l.n^pp.l8»-212.   Edinbuigh,  1906. 
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the  percentage  of  fat  as  the  lactation  period  advanced.  His  scheme 
was  substantially  as  follows:  The  cows  were  divided  into  groups, 
each  group  representing  the  cows  which  had  calved  within  a  certain 
period,  usually  2  weeks.  The  shortest  fraction  of  the  lactation  period 
was  1  week  and  the  longest  period  was  14  weeks.  His  figures  show 
that  the  fat  content  was  highest  during  the  first  week  and  lowest 
during  the  fourth  week,  after  which  a  gradual  increase  was  observed. 

Dean  ^  tested  6  cows  for  273  days  at  the  Ontario  experiment  sta- 
tion. He  divided  this  time  into  3  periods  of  91  days  each,  and 
averaged  the  percentage  of  fat  in  each  period.  He  states  that  he 
found  no  such  increase  in  percentage  of  butterf at  in  milk  as  is  gen- 
erally accredited  to  the  influence  of  the  period  of  lactation,  there 
being  an  increase  of  but  0.17  per  cent  in  the  second  period  and  0.46 
per  cent  in  the  third  over  that  of  the  first  period. 

Cooke,'  after  studying  the  complete  records  of  the  Vermont  station, 
which  covered  a  period  of  several  years,  gives  these  conclusions 
regarding  the  influence  of  the  stage  of  lactation  on  the  composition 
of  milk: 

All  cowB  shrink  in  quantity  of  milk  as  they  get  farther  from  calving.  If  they  are 
fonow,  this  shrinkage  in  quantity  is  accompanied  by  almost  no  change  in  quality, 
even  until  they  go  dry,  provided  they  are  still  farrow.  If  they  are  in  calf,  the  milk 
increases  in  quality  as  it  decreases  in  quantity;  this  increase  is  sligjit— but  one- 
twentieth  during  the  first  6  months  after  calving^-but  becomes  quite  pronounced 
just  before  the  cow  goes  dry. 

Cows  that  calve  in  the  spring  give  on  the  average  more  milk  during  the  first  3  months 
after  calving  than  those  that  calve  in  the  fall.  For  the  seventh,  eighth,  and  ninth 
months  this  is  reversed.  Fall  cows  show  smaUer  variations  in  the  quality  of  the 
milk  than  cows  that  calve  in  the  spring.  The  milk  of  a  cow  for  the  first  few  days 
or  weeks  after  calving  is  very  variable  in  quality.  On  the  average,  it  is  thinnest 
just  after  calving,  becomes  slightly  richer  during  the  next  2  weeks,  and  then  holds 
almost  uniform  in  quality  for  the  next  4  or  5  months. 

Just  after  calving  the  milk  is  poorer  in  fat  and  in  solids  not  fat  than  just  before 
the  cow  went  dry.  The  average  drop  in  fat  is  1.13  per  cent,  the  greatest  change 
being  2.35  per  cent  and  the  least  0.49  per  cent.  The  average  change  in  solids  not 
fat  is  a  fall  of  0.47  per  cent,  with  variations  from  a  decrease  of  1.04  per  cent  to  an 
increase  of  0.42  per  cent. 

Pingree,*  of  Pennsylvania,  has  published  some  literature  on  this 
subject.  The  extent  of  the  data  on  which  his  deductions  are  based 
may  be  indicated  by  using  the  author's  own  language: 

In  cooperation  with  the  Dairy  Breeders'  Association  and  in  connection  with  the 
advanced  registration  of  dairy  cows,  the  station  has  made  the  official  examination  of 
about  1,500  milk  samples  representing  the  product  of  128  cows  from  11  herds. 

1  Dean,  Henry  Hoahel.  Record  of  our  dairy  herd.  Ontario  Agrfcoltaial  CoUega  and  Experimental 
Farm,  Serenteenth  Annual  Report  (1891),  pp.  173-175.   Toronto,  1802. 

>  Cooke,  Wells  Woodbridge.  Variations  In  quantity  and  quality  of  milk.  Vennont  Agricultural  Ex- 
periment Station,  Sixth  Annual  Report  (1802),  pp.  90-119.   Burlington,  1803.   See  p.  90. 

*  Pingree,  M.  H.  Report  of  the  composition  of  milk  from  herds  competing  for  advanced  registration. 
PennsylT^^nia  Agricultural  Experiment  Station,  Annual  Report  (1905-1906),  part  2,  pp.  5i-M.  Harris- 
burg,  1906.   See  p.  54. 
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The  author's  conclusions  in  summary  may  also  be  given  in  his 
own  words : 

The  percentages  of  butterfat  showed,  on  the  average,  a  tendency  to  increase  through- 
out the  entire  lactation  period,  but  the  increase  was  most  marked  during  the  first 
6  months  and  the  last  month.  The  percentage  of  solids  not  fat  decreased  somewhat 
as  the  lactation  period  advanced. 

Linfield  ^  prepared  2  tables  from  Utah  data  which  are  calculated  to 
indicate  in  some  measure  the  character  of  changes  m  the  composition 
of  milk  that  are  due  to  the  advance  of  the  period  of  lactation.  Twelve 
cows  were  used  in  this  investigation.  They  were  nearly  all  ordinary 
grade  animak.  The  lactation  season  in  each  case  was  divided  into 
periods  of  4  weeks  each,  beginning  3  weeks  after  calving.  The 
author's  summary  is  substantially  as  follows: 

The  decrease  in  milk  and  hi  yield  is  fsaxly  constant  and  averages  about  9  per  cent 
decrease  each  period  of  4  weeks. 

The  yield  of  butter  fat  does  not  decrease  as  rapidly  as  the  milk,  due  to  an  increase  in 
the  percentage  of  fat  in  the  milk  as  the  period  of  lactation  advances. 

The  percentage  of  &t  in  the  milk  decreased  slightly  for  the  second  period  and  then 
gradually  increased  till  the  ninth  month.  For  the  ninth,  tenth,  and  eleventh  months 
the  test  remained  practically  stationary  and  increased  again  for  the  twelfth  month. 

On  the  average  the  cows  gave  the  richest  milk  at  the  end  of  their  lactation  period. 
An  examination  of  the  yearly  record  ehows  that  a  few  cows  for  1  year  gave  poorer  milk 
when  they  went  dry  than  when  fresh,  but  in  no  case  where  the  average  of  2  or  more 
years  was  considered  do  the  cows  depart  from  the  average  result.  With  some  the 
increase  in  per  cent  of  fat  was  much  greater  than  with  others. 

Farrington,'  when  chemist  to  the  Illinois  experiment  station,  con- 
ducted an  investigation  with  6  animals  for  the  purpose  of  throwing 
light  on  the  influence  of  the  stage  of  lactation  on  the  chemical  com- 
position of  the  milk.  The  investigation,  which  was  conducted  through 
an  entire  lactation  period,  consisted  of  daily  determinations  of  the 
weight  of  the  milk,  percentage  of  fat,  percentage  of  total  solids,  and 
percentage  of  solids  not  fat.  The  animals  represented  3  breeds, 
namely,  Jersey,  Holstein-Friesian,  and  Shorthorn.  The  feeding 
varied  considerably  during  the  investigation.  Prof.  Farrington'^ 
conclusions  in  his  summary  are: 

The  butter  bit  was  the  most  changeable  constituent  of  the  milk.  The  percentage  of 
solids  not  fat  was  quite  imiform.  Both  were  higher  in  the  last  part  of  the  period  of 
lactation  than  in  the  first,  when  the  cows  were  fresh  and  the  maximum  quantity  of 
milk  was  produced.  This  was  especially  true  of  the  fiat.  As  the  activity  of  the  milk 
glands  gradually  declines  until  the  flow  of  milk  ceases,  the  formation  of  the  fat  seems 
to  hold  out  better  than  the  other  constituents  of  the  milk.  A  gradual  increase  of  the 
grain  feed  from  12  to  24  pounds  a  day  per  head,  and  the  change  from  stable  to  pasture 
feed,  each  increased  the  yield  of  milk,  but  had  very  littie,  if  any,  effect  on  its  quality. 

>  Linfleld,  F.  B.  Experiments  with  dairy  oows.  Utah  Agricaltaxal  Experiment  Station  BuL  es. 
Logan,  June,  190a 

*  Fardngton,  Edward  Holyoke.  Variations  in  milk.  Illinois  Agricoltural  Experiment  Station  Bull.  24. 
QianiDaictt.  18B3. 
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Simon  ^  in  1900  started  an.investigation  of  the  effect  of  the  stage  of 
lactation  on  the  proteids  of  milk.  Two  cows  were  used,  one  a  Fliesian 
and  the  other  a  grade  of  Simmental  Dithmarschen  strain.  One 
of  these  cows  was  on  a  constant  ration,  but  the  feed  of  the  other  was 
changed  several  times.  The  lactation  periods  were  prolonged  owing 
to  the  fact  that  the  cows  did  not  become  pregnant  until  late  in  the 
period.  At  the  end  of  the  first  year  the  work  was  continued  by 
Trunz.« 

Analyses  were  made  on  samples  from  each  mUking  during  the 
colostrum  period  and  afterwards  on  composite  samples  of  one  day's 
milk  taken  at  weekly  intervab.  The  analyses  were  confined  to  weight 
of  milk,  specific  gravity,  fat  by  Qerber's  method,  total  solids,  total 
nitrogen-containing  substances,  total  proteids,  casein,  albumin  and 
globulin,  and  residual  nitrogen.  The  total  nitrogen  was  determined 
by  the  Kjeldahl  method.  The  total  proteids  wero  determined  by 
precipitation  with  tannic-acid  solution.  The  casein  was  determined 
by  the  Schlossman  potash-alum  method.  The  combined  albumin 
and  globulin  were  determined  by  precipitation  with  tannic-acid 
solution  in  the  filtrate  from  whidi  the  casein  had  been  removed. 
The  residual  nitrogen  was  determined  in  the  filtrate  from  the  total 
proteid  determination  by  the  Kjeldahl  method. 

In  his  conclusions  Trunz  stated  that  the  milk  production  reached 
its  highest  point  several  weeks  after  calving  and  then  sank  slowly  and 
regularly  to  the  end  of  the  lactation  period.  The  specific  gravity 
followed  the  opposite  course.  The  total  solids  and  fat  content 
started  high,  then  sank  until  the  third  or  fourth  month,  when  they 
remained  approximately  constant  for  a  time,  and  then  rose  to  the 
end  of  the  lactation  period. 

Excluding  the  colostrum  period,  the  total  nitrogen  content  remained 
practically  constant  for  6  or  7  months.  It  then  rose  gradually  until 
it  almost  doubled  its  average  value  at  the  end  of  the  lactation  period. 
.The  total  proteid  content  followed  closely  the  total  nitrogen  content. 
Excluding  the  colostrum  period,  the  relation  of  the  percentage  of 
casein  to  the  percentage  of  albumin  and  globulin  showed  no  decided 
variation,  though  the  ratio  of  casein  was  much  higher  in  the  case  of 
one  cow  than  with  the  other.  The  residual  nitrogen  was  high  in  the 
colostrum  period,  but  did  not  suffer  any  material  change. 

Hittcher,'  in  1890-91,  conducted  a  series  of  investigations  on  16 
purebred  Holstein  (HoUandischen)  cows,  lasting  through  an  entiro 
period  of  lactation.    This  was  a  continuation  of  the  work  of  Dr. 

1  Sinum,  Oustav.  Bdtrag  sor  Kenntnifls  dor  EiwelaBkOrper  der  Kidunlloli.  Z«it8clirift  fOr  Physlolo- 
giflcbe  Gbemto,  toL  33,  No.  5/6,  pp.  466^641.   BtrasbanK,  Oct.  81, 1901. 

s  Trans,  August,  u  ber  die  Bchwankungen  der  Eiweisutoffe  der  Kuhmilch  Im  Verteafe  einer  Laktatlon. 
Zeltschiift  fOr  Physlologlaotae  Cbemle,  vol.  39,  No.  6,  pp.  390-305.    Stmsbaig,  Sept.  19, 1903. 

s  Hittcher,  EarL  Untersoohung  der  MUch  von  sechsmhn  KQben.  LandwlrtbsQhaftlioher  Jalirbiicher, 
YOL  28,  pp.  873-967.    Berlin,  1894. 


PBEVIOUS  INVESTIGATIONS.  15 

Flftiflchmann,  the  results  of  which  were  published  in  1891,*  with  the 
difference  that  the  investigations  were  begun  at  the  beginning  of 
lactation  and  not  after  lactation  was  already  in  progress. 

Sixteen  registered  cows  which  calved  at  about  the  same  time  were 
selected  for  the  tests.  Except  for  minor  differences,  the  cows  were 
all  given  the  same  treatment  and  feed,  but  they  were  not  kept  uncfer 
the  same  external  conditions  nor  on  the  same  feed  during  the  entire 
period  of  lactation.  In  several  cases  where  there  was  some  change 
in  conditions  there  was  a  noticeable  change. in  the  composition  of 
the  milk. 

After  each  milking  the  milk  was  weighed  and  an  average  sample 
was  taken.  The  specific  gravity  of  this  sample  was  taken  with  a 
standardized  lactometer  (Senkwaage)  3  hours  or  more  after  the 
milking,  and  the  percentage  of  fat  was  determined  by  means  of  a 
De  Laval  lactocrit.  From  these  results  an  average  for  each  month 
was  computed.  From  these  averages  the  percentage  of  total  solids 
and  the  specific  gravity  of  the  total  solids  were  computed  by  means 
of  Fleischmann's  formula.  Then  from  the  above  results  were  com- 
puted the  percentage  of  solids  not  fat  and  the  percentage  of  fat  in 
the  total  solids.  Tables  were  then  made  and  curves  plotted  from  these 
results.    From  these  the  following  points  were  noted : 

1.  The  fat  content  in  10  cows  was  higher  at  the  end  than  at  the  beginning  of  lac- 
tation. In  3  of  these  the  increase  was  slight.  In  6  cows  the  fat  content  was  lower 
at  the  end  than  at  the  beginning,  and  in  4  of  these  the  decrease  was  quite  noticeable* 
In  the  previous  investigation  the  fat  content  had  increased  in  all  but  1  cow.  This 
is  partially  accounted  for  by  the  fact  that  the  previous  year  the  investigation  began 
alter  lactation  was  in  progress.  There  were  some  irregularities  in  the  fat  curve 
which  were  easily  accounted  for  by  changes  in  feed,  weather,  etc. 

2.  The  percentage  of  solids  not  fat  decreased  noticeably  in  the  first  weeks  of  lac- 
tation, then  it  usually  made  an  even,  slightly  rising  curve  to  the  end. 

3.  The  total  solids  decreased  rapidly  in  the  first  weeks  of  lactation  and  rose  rapidly 
in  the  last  weeks.    In  general  it  followed  the  curve  of  the  fat  content. 

4.  The  direction  of  the  curve  of  the  percentage  of  fat  in  the  total  solids  is  variable. 
It  usually  descends  during  the  first  weeks,  then  rises.  In  all  cases  there  was  a  rise  in 
the  curve  in  September,  due  probably  to  changes  in  external  conditions. 

5.  The  total  milk  production  decreased  from  first  to  last. 

6.  In  every  case  where  there  was  any  considerable  increase  in  milk  production 
there  was  a  decrease  in  she  i>ercentage  of  fat. 

Gripenberg,*  in  1889-1891,  conducted  a  series  of  investigations  to 
find  the  variation  in  the  fat  content  of  milk  during  the  period  of 
lactation.  The  cows  used  for  the  investigation  were  Holstein,  Ayr- 
shire, Angler,  and  native.  The  Holstein  cows  were  fed  a  uniform 
ration  throughout  the  year.    Individual  samples  and  composite 

1  Fleiaelimaim,  Oustav  Friedrlch  Wilbelm.  Untersuchung  der  Milch  von  sechssehn  KiUisa.  Berlin, 
1891. 

*  Gripenbefs,  R.  RedogOrelse  5fv«r  yerksamheten  vld  Mcjeriafdelningen  af  FdraSksstatlonen  &  Mus- 
tiala  iDstitat  18B2.  RedogOreber  fOr  Landtbraksekonomlska  f 5rs5k  k  MustlalA  Landtbnik^och  Mejenin- 
itftat  (1802)  LtodtbrukaBtyrelMiw  Moddelanden,  No.  3,  pp.  22-^,   Hel^lxi^ors,  I89i. 
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samples  from  the  cows  of  each  breed  were  taken  weekly  and  fat 
determinations  made  with  a  Fjord  centrifuge.  It  was  fomid  that 
there  was  an  increase  in  fat  toward  the  dose  of  the  lactation  period. 

H5gstr5m^  conducted  a  series  of  inyestigations  extending  over 
a  period  of  8  years  to  determine  the  changes  in  the  composition  of 
milk  dining  the  period  of  lactation.  For  the  investigation  he  used 
393  Ayrshire  and  native  cows  and  obtained  data  from  822  lactation 
periods.  Fat  determinations  by  the  Babcock  method  were  made 
twice  monthly  during  the  period  of  lactation. 

It  was  found  that,  if  the  colostrum  period  be  omitted^  the  per- 
centage of  fat  is  high  during  the  first  month,  but  soon  begins  to 
decrease  rapidly  and  continues  to  decrease  until  the  third  month, 
when  it  reaches  its  minimum  value.  From  there  oiTit  increases 
gradually,  reaching  its  maximum  value  at  the  dose  of  lactation. 

Hunziker'  conducted  an  investigation  with  3  animals  for  the  pur- 
pose of  studying  the  effect  of  the  stage  of  lactation  on  the  moisture 
content  of  butter.  The  breed  of  the  animals  is  not  stated.  The 
ration,  which  excluded  such  feeds  as  would  tend  to  influence  the  hard 
or  soft  fats,  was  uniform  during  the  entire  period  of  lactation.  His 
determinations  included  the  total  proteids,  the  casein,  the  albumin, 
and  the  chemical  constants  of  the  fat. 

His  conclusions  were  as  follows: 

The  fresh  milk  drawn  after  calving  contained  as  high  as  13.6  i>er  cent  proteids  with 
about  equal  portions  of  albumin  and  casein.  At  the  end  of  the  second  day  the  per 
cent  of  albumin  in  the  milk  from  all  3  cows  had  dropped  to  below  1  percent  But 
both  the  i)er  cent  of  albumin  and  that  of  casein  were  considerably  above  the  normal, 
even  at  the  fourteenth  milking.  Slight  irregularities  excepted,  there  was  a  rapid 
decrease  in  the  per  cent  of  albumin,  casein,  and  total  proteids  during  the  first  7  days 
after  calving,  then  a  gradual  decrease  up  to  and  including  the  second  month,  then  the 
per  cent  remained  fairly  constant  up  to  and  including  the  fifth  month.  After  that 
there  was  a  gradual  increase  up  to  and  including  the  eighth  month,  followed  by  a  more 
rapid  rise  toward  drying  up. 

The  Reichert-Meissl  number  and  the  per  cent  of  soluble  &tty  acids  were  highest 
at  the  beginning  of  the  period  of  lactation ;  slight  irregularities  excepted,  they  decreased 
as  the  period  of  lactation  advanced  and  were  lowest  toward  the  close  of  the  period  of 
lactation. 

The  insoluble  fatty  acids  were  lowest  at  the  beginning,  gradually  increasing  during, 
and  were  highest  at  the  end  of,  the  period  of  lactation. 

TheiB<:t  that  the  Reichert-Meissl  number,  the  soluble  and  the  insoluble  &tty  acids, 
bear  a  definite  relation  to  one  another,  shows  clearly  that  the  per  cent  of  soluble  and 
insoluble  acids  is  affected  by  the  period  of  lactation,  and  that  the  soluble  acids  decrease 
while  the  insoluble  acids  increase  as  the  period  of  lactation  advances. 

The  results  concerning  the  iodin  number  are  irregular  and,  considering  the  relatively 
small  number  of  data,  do  not  warrant  the  drawing  of  definite  condusions  as  to  the  effect 
of  the  period  of  lactation  on  the  per  cent  of  olein  in  butter. 

i  HOgstrdm,  K.  A.  Komjdlkens  fetthalt,  dess  nonnala  v&xUngar  och  ftrftHghet.  KungUga  Landtbniks- 
Akadezniens  Handlingar  och  Tidskiilt,  toI.  45,  No.  8/4,  pp.  137-176.    Btockfaolin,  1906. 

s  HunzlkBr,  Otto  F.  The  molstare  content  of  batter  and  the  ftkcton  which  control  Its  variations. 
Indiana  Agricoltural  Experiment  Station,  Twenty-OcBt  Annual  Report  (1906),  pp^  62^.  Lafeiyatte, 
1900. 
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Perhaps  the  most  extensive  investigation  concerning  the  effect  of 
the  stage  of  lactation  on  the  chemical  and  physical  composition  of 
milk  was  conducted  at  the  New  York  Experiment  Station*  during  the 
years  1890  to  1894,  inclusive.  The  work  was  done  on  milk  from  14 
animals  of  Jersey,  Guernsey,  American  Holdemess,  Holstein-Friesian, 
Devon,  and  Ayrshire  breeds. 

The  object  of  the  investigation  was  many-sided,  including  (a)  the 
effect  of  feed  on  the  quality  and  quantity  of  milk,  (i)  the  effect  of  the 
stage  of  lactation  on  the  chemical  and  physical  composition  of  milk, 
(c)  the  relation  of  the  several  constituents  of  milk  to  the  production 
of  butter  and  cheese,  (d)  the  suitability  of  the  several  breeds  for  the 
different  dairy  products,  etc.  Although  careful  records  were  kept 
of  the  feed  given,  no  definite  ration  was  fed  and  no  attempt  made  to 
eliminate  the  influence  of  feed. 

The  investigation  covered  4  entire  lactation  periods,  and,  briefly 
summarized,  the  figures  warrant  the  following  conclusions: 

The  milk  yield  decreased  in  every  case  as  the  period  of  lactation  advanced. 

The  felt  yield  followed  the  milk  yield  very  closely.  In  general,  the  percentage  of 
fat  remained  fairly  constant  up  to  the  fifth  month  of  the  lactation  period,  then  it  stead- 
ily increased  to  the  end. 

The  total  solids,  in  general,  after  a  slight  decrease  during  the  first  month,  showed  a 
gradual  increase  as  the  period  of  lactation  progressed,  though  the  rapidity  and  con- 
stancy of  the  increase  varied  in  different  periods. 

The  casein  suffered  a  slight  decrease  in  the  first  month,  then  gradually  increased  up 
to  about  the  last  month,  after  which  the  increase  was  rapid  up  to  the  end  of  the  lacta- 
tion period.  The  percentage  of  casein  was  generally  higher  through  the  first  period  of 
lactation  than  in  the  3  following  periods. 

The  sugar  was  the  most  variable  of  the  milk  constituents.  The  general  averages  for 
aU  periods  showed  a  decrease,  followed  by  about  an  equal  increase  up  to  the  tenth 
month,  when  there  was  a  marked  decrease  to  the  end  of  the  lactation  period.  This 
does  not,  however,  hojd  true  for  each  separate  period;  e.  g.,  the  percentage  of  sugar 
during  the  first  lactation  period  tended  to  increase  during  lactation;  during  the 
second  and  third  periods  it  foUowed  the  general  average,  while  during  the  fourth 
period  it  tended  to  remain  constant. 

The  percentage  of  ash  according  to  the  general  average  remained  fairly  constant 
throughout  the  lactation  period,  despite  a  few  variations  according  to  the  i)eriod. 

The  physical  composition  depends  largely  upon  the  breed  of  the  animal.  There  is, 
however,  one  general  rule — the  relative  number  of  small  fat  globules  steadily  increases, 
with  a  corresponding  decrease  in  the  relative  number  of  the  large  &.t  globules,  as  the 
period  of  lactation  prepresses.  The  total  number  of  fat  globules  also  greatly  increases. 
The  percentage  of  total  small  fat  globules  increased  68  per  cent  in  the  second  period 
over  the  fiirst,  while  the  largest  globules  decreased  67  per  cent  in  the  second  period  over 
the  first,  and  at  the  same  time  the  intermediate-sized  globules  decreased  to  83  i>er  cent 
of  what  they  were  in  the  first.  There  was  a  similar  change  in  the  third  period  over  the 
second.  The  physical  changes  from  period  to  period  are  closely  analogous  to  the 
physical  changes  from  month  to  month  of  each  lactation  period. 

iNew  York  Agrlcaltmal  Experiment  Btation.  Ninth,  Tenth,  Eleventh,  Twelfth,  and  Thirteenth 
Annual  Beports,  Geneva,  1890  to  1894. 
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THE  PRBSBIIT  BZPBRIMBNTS. 
FUKPOSE  AND  FLAN  OF  THE  INYESTIOATION. 

A  review  of  the  references  made  to  the  previous  investigations 
regarding  the  effect  of  the  stage  of  lactation  will  show  that  in  no 
case  were  the  conditions  controlled  to  the  extent  of  eliminating  other 
possible  causes  for  the  variations  found.  It  has  been  demonstrated 
that  the  nature  of  the  feed  has  an  important  influence  on  milk,  espe- 
cially in  regard  to  the  composition  of  the  fat.  For  this  reason  it  is 
not  safe  to  conclude  that  certain  results  obtained  are  to  be  attributed 
to  the  stage  of  lactation,  if  the  ration  varies  from  the  dry  feed  of 
winter  to  green  pasture  grass  of  summer,  as  has  been  the  case  in  some 
investigations.  In  planning  our  investigation  we  attempted  to  con- 
trol these  factors  more  completely.  While  the  effect  of  the  stage  of 
lactation  was  the  main  factor  under  consideration,  the  plans  were  so 
made  that  the  influence  of  breed  and  individuality  could  be  studied 
at  the  same  time  from  the  data  secured.  Twelve  animals  were 
selected  for  the  tests,  as  it  was  believed  that  this  number  would  be 
sufficient  to  eliminate  variations  due  to  individuality  of  the  animal 
and  make  it  possible  to  draw  correct  general  conclusions  regarding 
the  influence  of  the  stage  of  lactation.  Four  breeds  were  selected 
in  order  that  the  relation  of  breed  to  variations  caused  by  the  stage 
of  lactation  could  be  observed  and,  further,  that  the  breed  character- 
istics could  be  studied  at  the  same  time. 

The  general  plan  was  as  follows:  Twelve  animals  were  to  be  used, 
namely,  3  each  of  the  Holstein-Friesian,  Ayrshire,  Shorthorn,  and 
Jersey  breeds,  the  animals  to  be  as  near  as  possible  typical  specimens 
for  the  breeds — ^that  is  to  say,  neither  inferior  nor  superior  producers 
of  milk,  but  approximately  the  average,  or  a  little  above,  for  the  breed. 
The  animals  used  were  all  purebred  and  registered.  They  were  fed 
and  cared  for  throughout  the  entire  experiment  under  much  the  same 
conditions  as  would  be  found  in  a  commercial  dairy,  except  regarding 
the  control  of  the  feed  and  animals.  One  of  the  Ayrshires  reacted  to 
the  tuberculin  test  and  was  put  out  of  the  experiment  soon  after  the 
b^inning.  Table  1  gives  the  data  in  detail  regardiog  the  11  cows 
that  were  used  throughout  a  complete  lactation  period. 

The  milking  was  done  by  a  student  of  the  agricultural  college,  the 
precaution  being  taken  to  change  milkers  as  little  as  possible.  In 
most  cases  not  more  than  one  change  was  made  during  the  entire 
milking  period  of  the  animal. 

The  date  of  beginning  the  sampling  for  analysis  was  that  ordinarily 
followed  in  practical  dairies,  five  dhjs  after  the  birth  of  the  calf,  if  the 
cow  and  the  milk  seemed  normal.  The  sampling  was  continued  until 
the  production  of  milk  was  reduced  to  the  point  where  in  a  commer- 
cial dairy  the  cow  would  not  be  milked  longer.    The  purpose  in  view 
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was  to  give  these  animak  such  treatment  as  they  would  receive  in  the 
hands  of  a  practical  dairyman  where  the  product  was  used  for  market 
milk  or  other  purposes. 

It  was  contemplated  having  the  cows  bred  at  such  times  as  would 
usually  be  practiced  in  a  conunercial  dairy  in  order  that  the  next  calf 
might  be  bom  at  approximately  a  year  from  the  beginning  of  the  lactar- 
tion  period  covered  by  the  experiment.  With  some  of  the  animals  the 
interval  between  the  birth  of  the  calves  was  somewhat  longer  and  in 
others  shorter,  and  one  of  the  Jersey  cows,  No.  1 18,  would  not  breed 
and  remained  farrow  throughout  the  period  covered  by  the  investiga- 
tion. It  is  not  unusual  for  this  to  occur  with  Jersey  cows  at  the  age 
of  this  cow  and  could  not  be  attributed  in  any  way  to  the  ration  given. 
With  iAm  exception  the  animals  apparently  remained  in  normal 
healthy  condition,  as  shown  by  those  indications  which  are  usually 
taken  to  denote  thrift  and  health,  and  they  have  since  shown  no  ill 
effects  from  the  treatment  given  them.  The  oestrum  periods  of  the 
cows  were  as  regular  as  usual  while  on  the  experimental  ration,  and 
the  calves  bom  later  were  strong  and  vigorous  and  rather  larger  than 
the  average  for  the  breeds  represented. 

The  total  yield  of  milk  and  of  fat  for  the  animals  was  in  most  cases 
somewhat  less  than  the  amount  produced  by  them  in  previous  lacta- 
tion periods.  However,  the  production  during  the  experimental 
periods  was  more  than  the  average  of  the  breeds  represented,  and  for 
this  reason  it  is  believed  that  the  conditions  were  sufficiently  normal 
to  make  the  results  reliable. 

In  addition  to  the  11  cows  carried  through  an  entire  period  of 
lactation,  data  are  given  of  the  composition  throughout  the  lactation 
period  of  the  milk  of  5  Jersey  cows  used  in  another  investigation. 
The  latter  differed  from  the  11  cows  in  being  farrow,  and  they  were 
not  kept  on  a  imiform  ration. 

THE  FEED  RATION. 

The  main  feature  of  the  experiment  was  to  maintain  the  animals 
throughout  the  entire  lactation  period  on  an  absolutely  imiform 
ration,  and  at  the  same  time  keep  the  animals  in  a  perfectly  normal 
condition.  A  number  of  difficulties  at  once  occur  to  the  practical 
feeder  in  arranging  to  carry  out  such  a  plan.  For  iostance,  it  is  not 
possible  to  select  any  one  ration  which  will  be  ideal  for  all  stages  of 
the  lactation  period.  In  the  first  part,  when  a  large  quantity  of 
milk  is  being  produced,  the  animal  requires  more  concentrated  feed 
in  proportion  to  the  roughness  for  the  best  results  than  at  the  latter 
part,  and  it  is  the  common  practice  to  make  such  a  distinction  in 
feeding.  The  experienced  feeder  supplies  his  animalfl  with  prac- 
tically the  same  amoimt  of  roughness  throughout  the  lactation 
period,  but  a  larger  amount  of  grain  is  fed  in  the  early  part  of  the 
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period  than  toward  the  end.  This  practice  in  feeding  arises  from 
the  fact  that  a  certain  amount  of  bulky  food  must  be  consumed  by 
the  cow  at  all  times  on  account  of  the  nature  of  the  digestive  appa- 
ratus. Any  uniform  ration  to  be  fed  throughout  a  lactation  period 
must  therefore  of  necessity  be  a  compromise.  This,  means  that  in 
the  early  stages  of  the  lactation  period  such  a  ration  will  contain 
rather  too  much  roughness  in  proportion  to  the  grain^  while  at  the 
latter  part  the  reverse  will  be  true. 

In  planning  for  this  investigation  it  was  also  necessary  that  a 
ration  be  selected  that  could  be  secured  at  all  times  throughout  a 
period  of  two  or  three  years  required  to  complete  the  work.  Further- 
more, such  a  ration  must  be  palatable  in  order  that  the  Am'mRUa  wiH 
relish  it  at  all  times  and  not  become  tired  of  it.  After  careful  con- 
sideration the  ration  selected  for  this  purpose  was  as  follows: 

Choice  alfal^  hay 3  parts. 

Gniin  (com,  8  parts;  bran,  1  part;  oats,  1  part) 2  parts. 

This  ration  supplied  the  protein  and  carbohydrates  in  approxi- 
mately the  proportions  found  by  experience  to  give  good  results  for 
milk  production.  The  amoimt  of  grain  was  made  rather  large  in 
proportion  to  the  hay  to  make  siu*e  that  the  entire  ration  would  be 
consumed  at  all  times.  The  ratio  between  the  feeding  stuffs  com- 
posing the  ration  was  kept  exactly  the  same  all  the  time  and  the 
entire  amoimt  fed  varied  in  proportion  to  the  needs  of  the  animal. 

It  would  have  been  better  had  it  been  feasible  to  feed  a  certain 
amount  of  com  silage  during  this  experiment,  but  the  probability 
that  at  times  it  would  not  be  possible  to  secure  this  food,  and  further- 
more the  wide  variations  in  composition,  prevented  it  from  being 
used.  The  animals  fared  well  on  the  ration  as  fed  and  showed  no 
ill  effects  from  lack  of  variety.  Only  a  few  times  in  carrying  the 
animals  through  an  entire  lactation  period  were  any  of  them  ''off 
feed,''  and  these  animals  were  easily  brought  to  a  normal  condition 
by  giving  a  dose  of  Epsom  salt.  In  no  case  was  there  any  serious 
sickness  of  any  kind.  Two  of  the  Ayrshire  cows  were  fed  through 
two  complete  periods  on  this  same  ration  with  no  change. 

The  hay,  the  most  variable  part  of  the  ration  in  composition,  was 
bought  in  large  quantities  from  the  same  source  in  order  that  there 
might  be  but  a  few  changes  in  its  composition.  The  cows  were 
housed  in  the  manner  common  to  this  locality,  by  tying  them  at 
night  in  a  bam  for  feeding  and  milking  where  the  temperature  was 
moderate;  in  the  daytime  they  were  turned  outside  and  kept  in  a 
dry  lot  with  no  chance  of  seeming  feed  other  than  that  supplied. 
They  were  fed  twice  a  day,  the  ration  for  the  day  being  divided  into 
two  equal  parts. 
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METHOD  OF  SAMPLING  AND  PBEPABATION  OF  SAMPLES  FOR  ANALYSIS. 

Special  care  was  taken  that  the  sample  which  reached  the  labora- 
tory fairly  represented  the  milk  from  the  animal  in  question. 

The  milk  was  weighed  after  milking  and  mixed  by  pouring  from 
one  pail  to  another.  A  sample  of  about  1  liter  was  placed  in  a  glass 
jar  bearing  the  number  of  the  cow  and  the  number  of  pounds  of  milk 
for  that  particular  milking,  and  delivered  to  the  laboratory.  A  cer- 
tain number  of  cubic  centimeters  per  pound  of  milk  were  then  meas- 
ured out  and  placed  in  a  closed  receptacle  to  make  up  a  composite 
sample  to  represent  a  week's  milk  from  that  particular  cow.  The 
number  of  cubic  centimeters  per  pound  was  regulated  by  the  amount 
of  milk  yielded,  and  varied  with  the  individual  and  the  amount  of 
milk  produced.  As  the  milk  flow  diminished,  the  proportion  taken 
for  a  sample  increased  in  order  that  the  actual  volume  of  the  com- 
posite sample  might  remain  to  insure  a  quantity  of  fat  sufficient  for 
analysis.  The  changes  in  the  cubic  centimeters  per  pound  taken 
were  always  made  at  the  beginning  A  a  week.  Formaldehyde  in 
solution  as  formalin  was  added  in  amounts  sufficient  to  preserve 
the  sample  for  the  7-day  period.  The  amount  varied  from  1  part 
formaldehyde  to  5,000  parts  milk  to  1  part  to  2,500  parts,  depending 
upon  the  season  of  the  year.  When  the  composite  sample  for  the 
week  was  complete  it  was  thoroughly  mixed  and  a  subsample  of 
about  300  cubic  centimeters  taken  for  analysis. 

The  remainder  of  the  composite  sample  was  heated  to  the  proper 
temperature  and  the  cream  separated  by  means  of  a  small  hand- 
power  separator.  Since  it  was  found  the  subsequent  churning  of 
the  cream  was  retarded  by  the  presence  of  formaldehyde,  the  cream 
was  diluted  with  a  quantity  of  warm  water  equal  in  volume  to  the 
skim  milk  removed,  and  again  separated.  The  cream  so  obtained, 
usually  about  a  liter  in  quantity,  was  churned  by  shaking  in  a  glass 
jar  of  about  2  liters  capacity. 

The  question  arose  at  the  outset  of  the  work  as  to  whether  the 
butterfat  so  obtained  represented  the  butterfat  originally  in  the 
milk  or  whether  the  small  fat  globules  known  to  have  escaped  in  the 
skim  and  butter  milk  were  of  different  chemical  and  physical  com- 
position from  those  which  ultimately  coUected  as  butter.  On 
account  of  the  conflicting  evidence  on  this  point  it  seemed  advisable 
to  cany  on  some  investigation  along  this  line  before  proceedmg 
further.  The  results  of  this  work,  which  are  published  as  Bulletin 
111,  Bureau  of  Animal  Industry,  United  States  Department  of 
Agriculture,  showed  that  there  was  no  difference  in  composition 
between  the  various-sized  fat  globules,  and  therefore  the  fat  obtained 
by  the  above  procedure  may  be  taken  as  truly  representative  of  the 
butterfat  in  the  milk. 
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The  butter  was  Immediately  melted  on  a  steam  bath  and  allowed 
to  remain  in  this  condition  until  the  curd  and  water  had  settled. 
Special  care  was  taken  at  this  point  that  the  temperature  of  the  fat 
did  not  rise  above  50^  to  SS''  C.  and  also  that  it  remained  even  at 
this  temperature  no  longer  than  was  necessaiy.'  It  was  then  fil- 
tered through  a  paper  filter  kept  warm  by  an  electrical  device  and 
preserved  in  corked  bottles  which  were  protected  from  light  in  a 
refrigerator  until  analyzed. 

METHODS  OF  ANALYSIS. 

During  the  preliminary  work  a  tendency  was  noticed  of  the  sub- 
samples  of  milk  to  chum.  This  was  particularly  true  of  the  milk 
from  the  Jersey  cows.  To  avoid  this  the  procedure  was  followed  of 
removing  the  charges  for  all  the  determinations  at  the  same  time, 
including  the  specific  gravity,  the  remainder  of  the  subsample  being 
stored  in  the  refrigerator  as  a  reserve  sample. 

According  to  the  original  plan  each  series  of  determinations  was 
to  be  made  by  the  same  chemist  and  this  plan  was  followed  with  but 
few  exceptions  during  the  whole  investigation. 

The  analytical  methods  followed  were  those  of  the  Association  of 
Official  A^cultural  Chemists  whenever  possible.  Duplicate  de- 
terminatioiis  were  made  in  all  cases,  and  in  some  cases  triplicate  or 
even  quadruplicate  Only  the  briefest  description  of  the  official 
method  is  given  below.  For  a  detailed  description  reference  may 
be  made  to  Bulletin  107  (revised)  of  the  Bureau  of  Chemistry,  United 
States  Department  of  Agriculture.' 

Specific  gravity, — ^The  specific  gravity  was  determined  by  means 
of  a  Westphal  balance. 

Total  nitrogen. — ^The  total  nitrogen  was  determined  by  the  Gun- 
ning method. 

Casein  nitrogen, — ^The  casein  nitrogen  was  determined  by  the 
official  method  of  precipitating  the  casein  with  10  per  cent  acetic^ 
acid  solution  and  determining  the  nitrogen  in  the  precipitate  by  the 
Gunning  method. 

t  Aooordbig  to  C.  A.  Brown  (Annual  R«port  of  the  PennsylTanJa  State  CoUese,  1809-1900,  p.  206)  a 
temperatare  much  aboye  liO*  0.  will  very  soon  alter  the  oompoaltlon  of  batterfat  Bntterfat  kept  at 
fiO*  0.  for  two  days  showed  a  loss  of  over  one  unit  tai  iodin  number. 

*  For  tbe  benefit  of  those  who  may  be  nnlkmillar  with  some  of  the  tenns  the  following  explanation  may 
be  helpltil:  The  Beicbert-Meissl  number  is  an  arbitrary  measure  of  the  volatile  acids,  of  whleh  butyric  is 
the  principal  one  in  butterlat.  The  figures  do  not  show  the  percentages  of  the  acid,  but  serve  as  a  means 
of  comparing  different  late  with  refennce  to  their  volatile  oGostitoentB.  The  Iodin  absorption  number 
Indicates  relatively  the  amount  of  iodin  a  Cat  will  absorb.  Since  the  only  Catty  acid  fdund  to  exist  in  butter- 
Cat  which  has  the  property  of  absorbing  iodin  is  oleic  acid,  tbe  iodin  absorption  number  shows  relatively 
the  amount  of  this  &tty  acid  present,  but,  in  common  with  the  Reiohert-lielssl  number,  the  figures  do  not 
represent  percentages.  The  sapcmifioation  number  is  tbe  number  of  milligrams  of  potassium  hydroxld 
required  to  saponify  1  gram  of  fat.  Since  the  amount  of  potassium  hydroxld  required  depends  upon 
the  mnhKqiiAT  weight  of  the  fat,  the  saponification  number  serves  as  an  indloator  of  the  relative  peroent* 
ages  of  the  l^tty  acids  of  high  and  low  molecnisr  weighte  present. 
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Albumin  nitrogen. — ^The  albumin  nitrogen  was  determined  by  the 
provisional  method  of  coagulating  the  albumin  by  heating  the 
filtrate  from  the  casein  nitrogen  determination  and  determining 
the  nitrogen  in  the  coagulum  by  the  Gimning  method. 

Total  solids. — ^The  total  solids  were  determined  by  the  official 
method  known  as  the  Babcock  asbestos  method,  employing  a  hollow 
copper  cylinder  and  woolly  asbestos. 

FcU. — ^The  fat  was  determined  by  the  official  Babcock  asbestos 
method.  The  cylinders  containing  the  residue  from  the  total  solids 
determination  are  extracted  with  ether  in  Soxhlet  extractors,  the 
heat  being  supplied  by  an  electrical  device. 

Sugar. — ^The  sugar  was  determined  by  the  official  optical  method, 
using  acid  merciuric  nitrate  as  the  defecating  agent  and  a  Schmidt 
and  Haensch  half-shadow  polariscope. 

Relative  size  offai  globules  *---The  relative  size  of  the  fat  globules 
was  determined  by  the  Babcock  capillary  tube  method.  A  ^inch 
objective  and  1-inch  ocular  provided  with  a  micrometer  were 
employed.  The  value  of  each  division  of  the  micrometer  scale  is 
0.00258  millimeter.  This  method  is  described  in  detail  in  Bulle- 
tin 111,  Biureau  of  Animal  Industry,  United  States  Department  of 
Agriculture. 

MelHng  point  of  the  bvMerfat. — ^The  melting  point  was  determined 
according  to  Wiley's  method,  by  placing  a  disk  of  the  fat  in  a  large 
test  tube  containing  boiled  distilled  water  and  boiled  alcohol  which 
had  been  cooled,  the  tube  being  placed  in  a  beaker  of  water  which 
was  slowly  heated,  and  noting,  by  means  of  a  thermometer  grad- 
uated to  0.1^  C,  the  temperature  at  which  the  disk  assumed  the 
form  of  a  sphere. 

Refractive  index  of  the  hiMerfaL — ^The  refractive  index  was  deter- 
mined with  a  Zeiss-Abbe  refractometer  which  had  been  standardized 
with  distilled  water.  The  fat  was  kept  at  a  constant  temperature 
above  its  melting  point  during  the  determination  by  means  of  a 
current  of  warm  water  circulating  through  the  instrument.  The 
reading  was  reduced  later  by  means  of  a  factor  to  25^  C. 

VolaJtUe  acids  of  the  butterfat. — ^The  method  of  Reichert,  modified 
by  Meissl,  was  employed  in  the  estimation  of  the  volatile  acids, 
and  the  residts  are  given  as  Reichert-Meissl  numbers.  In  sappni- 
ying,  use  was  made  of  the  Leffman-Beam  method,  in  which  the 
fat  is  saponified  in  a  flask  over  a  naked  flame  with  a  mixture  of  a 
strong  aqueous  solution  of  caustic  soda  and  pure  glycerol.  The 
soap  obtained  in  this  way  is  decomposed  by  sulphuric  acid  and 
the  liberated  volatile  acids  are  distilled  over  with  the  steam  and 
titrated  with  decinormal  bariimi  hydroxid  solution. 

SaponificaHon  value  of  (he  butterfat. — The  saponification  value,  or 
Eoettstorfer  number,  was  determined  by  the  regular  official  method. 
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The  fat  is  saponified  in  a  flask  on  a  steam  bath  with  an  alcoholic 
potash  solution,  using  a  long  glass  as  a  reflux  condenser. 

lodin  ahscrption  number  of  the  huMerfat. — ^The  method  of  Hubl 
was  employed  in  this  case.  The  fat  is  dissolved  in  chloroform  and 
subjected. to  the  action  of  a  mixture  of  an  alcoholic  solution  of 
iodhi  and  of  mercuric  chlorid  in  a  dark  place  for  3  hours,  at  the 
end  of  which  time  the  unabsorbed  iodin  is  determined  by  titrating 
with  standard  sodium  thiosulphate  solution.  The  percentage  of  iodin 
absorbed  by  the  fat  is  expressed  in  the  results  as  the  iodin  number. 

RESULTS  OF  THE  EXPBRIMBNTS. 

in  presenting  the  results  of  this  investigation  it  was  decided  to 
base  the  discussions  mostly  upon  tables  representing  periods  of 
4  weeks  each.  All  figures  given  for  4-week  periods  are  the  average 
of  4  analyses,  each  of  which  represents  a  sample  made  up,  as  before 
described,  from  all  the  milk  produced  in  1  week.  The  object  in 
using  an  average  representing  periods  of  4  weeks  is  that  the  weekly 
tables  giving  the  original  analjrses  are  too  unwieldy  for  studying 
the  general  effect  of  the  lactation  period.  It  is  believed  that  the 
4-week  period  is  long  enough  to  eliminate  the  daily  and  weekly 
variations  which,  as  far  as  our  present  knowledge  goes,  are  impos- 
sible to  control  and  is  at  the  same  time  short  enough  to  illustrate 
those  changes  which  it  is  the  purpose  of  this  buUetin  to  show.  The 
original  data  giving  the  analyses  of  weekly  samples  from  which 
the  other  tables  are  compiled  are  found  in  the  appendix  at  the  end 
of  this  bulletin. 

In  general,  the  data  are  presented  in  two  ways,  one  in  which  the 
changes  in  the  amount  of  each  milk  coniponent  during  the  lactation 
period  may  be  studied,  and  the  other  in  which  the  relation  of  each 
component  to  the  others  during  the  lactation  is  shown.  It  is  the 
plan  to  eliminate  as  far  as  practicable  references  to  the  effect  of 
breed  and  individuality  on  the  chemical  and  physical  composition 
of  milk,  this  being  reserved  for  another  bulletin,  which  will  oresent 
the  same  data  in  a  way  to  illustrate  especially  this  effect. 

Table  1  gives  the  general  data  regarding  the  animals  used,  their 
age,  yield  of  milk  and  fat,  date  of  breeding,  etc. 

Table  2  gives  the  yield  of  milk  and  of  fat  for  each  cow  by  4-week 
periods  throughout  the  lactation  period. 

Table  3  gives  the  total  yield  in  pounds  of  the  several  milk  con- 
stituents for  each  animal  during  the  lactation  period. 

Table  4  gives  the  true  average  composition  of  the  milk  of  each 

cow  for  the  entire  milking  period.  Since  both  the  quantity  and  the 
composition  vaiy,  a  direct  average  from  analyses  made  at  intervals 
is  often  misleading.  Most  of  the  constituents  increase  greatly  at 
the  end  of  the  milking  period  and  at  the  same  time  the  yield  of 
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milk  is  small.  A  direct  average,  therefore,  gives  a  figure  much  higher 
than  would  be  found  had  all  the  milk  been  gathered  and  sampled 
at  one  time.  This  error  is  reduced  to  the  minimum  by  calculating 
the  total  weight  of  each  constituent  by  periods  and  dividing  the 
total  produced  by  the  total  milk.  Whenever  an  average  figure  is 
used  in  this  report  for  the  nitrogen^  fat,  sugar,  or  total  sohds  the 
true  average  is  meant.  In  considering  the  physical  constants  of 
the  fat  a  direct  average  is  used,  since  they  vaiy  but  little  and  the 
error  from  such  an  average  is  too  small  to  be  of  any  importance. 

Table  5  gives  the  average  analysis  of  the  milk  of  each  cow  for 
the  complete  lactation  period  by  4-week  periods. 

Table  1. — Data  concerning  tht  cows  vMd, 


No. 

of 

Breed. 

Age. 

cow. 

Yn.m. 

4 

Jenny.. . . 

6    10 

00 

.  ..do..... . 

8     1 

lU 

...do 

11     4 

205 

Holsteln. 

5     3 

206 

...do 

6     0 

200 

...do 

3     8 

;«») 

Ayrshire. 

3     8 

301 

...do 

4     8 

400 

Shorfhom 

4     4 

402 

...do 

4    11 

403 

■   •  aClO*  •••  •  • 

6     0 

DaMof 
calving. 


Noy.13,1906 
Jan.  1, 1907 
Sept27,1906 
July  17, 1907 
May  31, 1907 
July  20, 1907 
Deo.  28, 1907 
8ept.27,1907 
SepU0,1907 
Oct.  18,1907 
Feb.  11, 1008 


Date  of 
breeding. 


Dec.  30, 1906 
Mar.  23. 1907 
Not  bred. 
Dec.  1,1907 
Sept.28,1907 
Nov.18, 1907 
Feb.  23, 1908 
Mar.  16, 1908 
Jan.  25,1908 
Dec.  21, 1907 
July  7,1908 


Period  samples  were  taken. 


NoT.24,1907,to 
Jan.  5, 1907,  to 
Oct  0,1906,  to 
Jiily20,1907,to 
June  1,1007,  to 
July  20, 1907,  to 
Dec.  29, 1907,  to 
Sept.29,1907,to 
Oct.  6, 1007,  to 
Oct.  19, 1907,  to 
Feb.  15, 1908,  to 


•  Sept.  7,1908 
Nov.  30, 1907 

•  Oct.  26, 1907 
Aug.  8,190B 

>Apr.  4,1906 
Jidy  4,1908 
Oct.    3,1906 

»Sept.l9,1908 
Aug.  1,1906 
July  18, 1906 
Dec  19,1906 


Total 
yield 

of 
milk. 


Lb9, 
5,429 
6,115 
6,733 
8,684 
8,994 
8,814 
6,275 
6,382 
5,172 
4,449 
6,539 


Avei^ 
age 
fat. 


P.eu 
4.87 
4.64 
5.36 
3.24 
2.03 
3.02 
3.51 
3.85 
3.89 
4.13 
8.35 


Total 
yield 
offiit. 


Lb9. 

264.45 

284.04 

307.45 

280.76 

263.66 

273.34 

220.34 

245.64 

201.37 

183.57 

220.52 


Table  2. — Milk  cmd  butter/at  produced  by  each  cow,  and  ofveragefor  each  breed,  by  4^week 

periods. 


Cow  No. 

First 
period. 

Second 
period. 

'  Third 
period. 

Fourth 
period. 

Fifth 
period. 

Sixth 
period. 

Seventh 
period. 

Milk. 

Fat. 

Milk. 

Fat. 

Milk. 

Fat. 

Milk. 

Fat. 

Milk. 

Fat. 

Milk. 

Fat. 

Milk. 

Fat. 

4 

Lb8. 

770.8 
708.9 
428.4 

Lb8, 

39.80 

37.02 

Lto. 

738.4 
090.1 
376.2 

34.18 
33.02 

667.7 
701.0 
423.9 

Lte. 
28.07 
31.05 
23.41 

Lbt. 
666.2 
628.7 
475.7 

Lb8. 

26.96 
27.62 
24.34 

Lbt. 

678.8 
618.9 
418.9 

Lb8. 

27.85 
22.41 
23.09 

Lbs. 
471.0 
550.0 
440.2 

Lbs, 
23.56 
23.21 
25.16 

Lb8. 

476.0 
400.2 
440.7 

Lbt. 

22.  ao 

99 

21.37 

118 

25.67 

AveraiCB  fDf 
Jefseys. . . . 

636.0 

38.41 

601.6 

33.60 

560.0 

27.61 

653.5 

26.31 

505.5 

24.45 

487.4 

23.97 

472.0 

23.15 

205 

206 

209 

788.0 
1,360.6 
1,026.1 

25.05 
41.61 
30.81 

860.8 
1,267.1 
1,086.5 

27.06 
36.62 
28.19 

827.6 
970.5 
940.9 

24.04 
25.00 
25.72 

750.4 
872.4 
818.6 

24.28 
24.79 
26.64 

742.9 
868.1 
7U.7 

24.45 
24.77 
22.22 

690.7 
773.3 
724.7 

21.12 
23.68 
20.35 

666.1 
718.5 
700.3 

21.70 
20.72 
20.60 

Average  for 
Holsteins. 

1,058.2 

32.40 

1,071.6 

80.62 

913.0 

25.22 

813.8 

25.24 

770.9 

23.81 

729.6 

21.72 

605.0 

21.01 

300 

301 

837.9 
612.3 

33.53 
23.42 

871.8 
582.6 

31.37 
21.80 

869.0 
639.4 

29.36 
20.53 

778.5 
670.5 

26.18 
21.72 

741.7 
633.1 

24.60 
21.77 

738.1 
596.7 

24.04 
22.49 

676.3 
672.4 

19.08 
22.60 

Avera0B  for 
Ayrdiiies. 

726.1 

28.48 

727.2 

26.50 

704.2 

24.94 

674.5 

23.95 

637.4 

23.18 

666.9 

23.27 

574.4 

20.84 

400 

680.9 
647.1 
9(19.7 

27.99 
29.44 
32.43 

662.6 
576.3 
850.8 

27.11 
24.05 
29.06 

450.6 
532.0 
820.9 

18.25 
21.13 
26.33 

501.7 
618.7 
768.1 

18.33 
19.70 
24.25 

566.9 
512.3 
681.4 

20.92 
19.68 
21.43 

588.8 
486.0 
625.9 

19.86 
19.00 
19.56 

501.2 
437.6 
569.9 

19.23 

402 

17.40 

403 

18.42 

Average  for 
Shoithonis 

745.9 

20.03 

699.6 

28.74 

606.2 

21.90 

596.2 

20.76 

586.5 

20.68 

550.2 

19.47 

502.0 

18.35 
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Table  2. — Milk  and  butter/at  produced  by  each  coWf  and  average  for  each  breed,  by  J^uoeek 

period* — Continued . 


Cow  No. 

Eighth 
period. 

Ninth 
'    period. 

Tenth 
period. 

Eleventh 
period. 

TweUth 
perfod. 

Thirteenth 
period. 

Fourteenth 
period. 

Mnir. 

Fat. 

Milk. 

Fat. 

Hillc. 

Fat. 

Mlllr. 

Fat 

ICilk. 

Fat. 

MOk. 

Fat. 

MOk. 

Fat. 

4 

Lbf. 
446.6 
494.5 
413.3 

Xte. 

20.13 
20.70 
23.97 

Lbt, 

378.7 
4»4.1 
456.0 

Lbt,    Lbt. 
17.92  454.4 
22.38  446.0 
23.68  469.3 

Lbt. 
23.48 

Lbt, 

Ut. 

Lbt. 

Lbt. 

Lbt. 

Lbt. 

Lbt. 

Lbt. 

99 

22.14 
21.04 

280.7   15.71 
446.7  21.66 

122.1 
417.8 

7.4i 
22.01 

118 

386..^ 

20.02 

160.9 

9.74 

Avenge  for 
Jerseys 

451.5 

21.60 

439.6 

21.29 

456.6 

22.22 

363.7 

18.64 

270.0 

14.71 

366.3 

20.02  160.9 

9.74 

205 

640.4 
701.4 
717.0 

20.78 
20.99 
21.69 

648.1 
682.4 
711.5 

20.38 
20.42 
21.39 

598.7 
661.2 
620.3 

19.78 
17.31 
18.28 

574.4 
228.9 

477.7 

18.97 

7.75 

16.35 

446.2 

15.55 

311.6 

U.60 

139.7 

6.20 

206 

209 

273.4 

10.65 

1 

Average  for 
HolsteiiLs . 

686.3 

21.12 

680.7 

20.73 

660. 1 

18.46 

427.0 

14.36 

869.3 

18.10 

311.6 

11.60 

139.7 

6.20 

300 

436.8 
631.1 

15.42 
20.90 

303.1 
566.0 

11.20 
20.77 

123.6 
587.7 

6.67 
21.03 

301 

332.9 

14.21 

236.0 

9.30 

123.7 

£.10 

Average  for 
Ayrshlres. 

483.5 

18.16 

434.6 

15.90 

366.6 

13.30 

332.9 

14.21 

235.0 

9.30 

128.7 

6.10 

400 

617.9 
392.6 
477.6 

19.32 
16.31 
16.87 

424.6 
246.9 
368.8 

17.06 
13.45 
14.17 

217.7 

99.5 

273.4 

9.01 
4.41 

103.3 

4.30 

1 

402 

1 

403 

10.94 

'  '  ! 

! 

1 

Average  for 
Shorthorns 

462.7 

17.17 

346.8 

14.80 

196.9 

8.12 

103.3 

4.30 

Table  3. — Total  yield  of  milk  and  milk  consHttienU  by  each  cow. 


Total 
milk. 

Total 
solids. 

Fat. 

Nitrogen. 

Sagar. 

Cow 
No. 

Total 
nitro- 
gen. 

Protein 
(NX 
6.38). 

Casein 
nitro- 
gen. 

Casein 
(NX 
6.38). 

Albu- 
min 

nitro- 
gen. 

Alba- 
min 

(NX 
6.38). 

Resld- 

ual 
nitro- 
gen. 

Aah. 

4 

99. ... 
118... 
205... 
208... 
209... 
300... 
301... 
400... 
402... 
403... 

Lbt. 

5,430 

6,115 

5,733 

8,68.5 

o,  994 

8,815 

6,276 

6,382 

6,171 

4,449 

6,540 

Lbt. 
764.6 
82L5 
85a5 
1,042.7 
064.1 
997.1 
757.9 
811.5 
676.2 
599.0 
796.0 

Lbs. 

264.5 

284.0 

307.5 

280.8 

283.7 

273.3 

220.3 

245.8 

201.4 

183.6 

22a5 

Lbt. 
31.5 
3L4 
35.7 
40.9 
38.1 
44.3 
30.6 
33.3 
27.6 
24.3 
33.6 

Lbt. 

200.7 

200.4 

227.6 

260.8 

243.0 

282.8 

195.1 

212.4 

175.8 

155.3 

214.6 

Lbt. 
25.2 
25.4 
28.2 
33.5 
29.8 
34.8 
25.9 
27.8 
22.4 
19.9 
28.8 

Lbt, 

160.7 
162.4 
179.8 
213.9 
19a  4 
221.9 
164.9 
177.2 
143.0 
120.9 
17a  7 

Lbt. 
3.6 
2.4 
8.7 
2.9 
8.1 
3.9 
1.8 
2.4 
2.4 
2.1 
3.2 

Lbt. 
19.5 
16.3 
23.6 
18.6 
19.6 
24.8 

n.8 

15.4 
15.4 
13.2 
2a8 

Lbt. 
2.7 
8.6 
3.8 
4.5 
6.2 
6.6 
2.9 
8.1 
2.8 
2.3 
3.6 

Lbt. 

263.7 

302.8 

275.3 

438.7 

3o3. 8 

875.0 

904.6 

316.6 

200.6 

218.5 

326.0 

Lbt. 
88.0 
46.3 
42.4 
66.4 
63.0 
61.7 
4a2 
38.9 
37.8 
32.6 
46.1 

BBSULTS  OF  THE  BXPEBIMBNT8. 
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Table  4. — True  average  composition  of  the  milk  of  each  cow. 


Cow 
No. 

Aver^ 

toSl 
9oUds. 

Aver- 

souds 
not  fat. 

Avor- 

toSl 
nitro- 
gen. 

Aver- ' 
age 
pro- 
tein. 

Aver- 
age 
ca<)eln 
nitro- 
gen. 

Aver- 
age 
casein. 

Aver- 

albu- 
min 

nitro- 
gen. 

Aver- 

alSa- 
mln. 

Aver- 

reSd- 
ual 
nitro- 
gen. 

Aver- 
age 
fat. 

Aver- 
age 

sugar. 

Aver- 
aSi. 

P.U. 

P.ct. 

P,et. 

P.ct. 

P.ct. 

P.ct, 

P.ct. 

P.ct. 

P.ct, 

P.ct. 

P.ct. 

P. a. 

4 

14.08 

9.21 

a58 

3.70 

a46 

2.95 

a066 

0.350 

a064 

4.87 

4.85 

0.70 

IR7-  •  •  • 

13.43 

8.79 

.51 

3.27 

.42 

2.65 

.039 

.249 

.051 

4.64 

4.95 

.74 

118... 

14.83 

9.47 

.62 

3.97 

.49 

3.14 

.064 

.411 

.066 

6.36 

4.80 

.74 

205... 

12.00 

&80 

.47 

3.00 

.39 

2.46 

.033 

,213 

.047 

3.23 

5.05 

.65 

206... 

10.70 

7.80 

.42 

2.70 

.33 

2.12 

.034 

.218 

.066 

2.93 

4.26 

.70 

209... 

11.30 

&20 

.50 

3.21 

.39 

2.52 

.044 

.281 

.066 

3.10 

4.25 

.70 

300... 

12.10 

8.60 

.40 

3.11 

.41 

2.63 

.080 

.188 

.051 

3.51 

4.85 

.64 

801... 

12.70 

8.90 

.52 

3.33 

.44 

2.78 

.038 

.241 

.043 

3.85 

4.96 

.61 

400... 

13.10 

9.20 

.53 

3.40 

.43 

2.77 

.047 

.297 

.063 

3.80 

5.04 

.73 

402... 

13.50 

9.30 

.55 

3.49 

.45 

2.85 

.046 

.296 

.054 

4.13 

4.91 

.73 

408... 

12.20 

8.80 

.51 

3.28 

.41 

2.61 

.040 

.310 

.042 

3.37 

4.98 

.60 

Table  5. — Average  analyeis  of  the  milk  of  each  ooto,  by  i-'week  periods. 

cow  NO.  4. 


Foot  weeks  end- 
tag- 

Bpedflo 
gravity 
ofmilW. 

Water. 

Total 
solids. 

RoHdR 
notfttt. 

Total 
nitrogen. 

Cttfinln 
nitrogen. 

Albumta 
nitrogen. 

Fat. 

Sugar. 

1906. 
Deo.  22 

1.0346 

1.0330 
1.0338 
1.0340 
1.0838 
1.0337 
1.0386 
1.0327 
1.0334 
1.0338 

Per  cent. 
86.87 

PercerU. 
14.13 

Percent. 
9.61 

Percent. 
0.68 

.63 
.67 
.61 
.60 
.60 
.60 
.57 
.62 
.66 

Percent. 
0.44 

.38 
.48 
.40 
.48 
.48 
.47 
.46 
.50 
.62 

Percent. 
0.069 

.056 
.057 
.067 
.045 
.031 
.064 
.061 
.062 
.063 

Percent. 
6.17 

4.63 
5.07 
4.86 
4.81 
6.00 
4.73 
4.61 
4.73 
5.18 

Percent. 
4.89 

1907. 
Jan.  19. 

4.99 

Feb.  16 

4.87 

Mar.  16 

86.66 
a'{.72 
85.86 
86.13 
86.23 
86.38 
86.43 

14.44 
14.28 
14.16 
13.87 
13.77 
13.63 
14.57 

9.61 
9.10 
8.90 
9.14 
9.41 
9.02 
9.39 

6.28 

Apr.  13 

6.12 

M^ll... 

6.00 

June  8 

4.39 

July6 

4.46 

Aoc.  3 

4.67 

Sept.7> 

4.60 

COW  NO.  99. 


1907. 
Feb.  2 

1.0329 
L0327 
1.0833 
1.0826 
1.0322 
1.0314 
L0810 
L0322 
1.0828 
1.0837 
1.0343 
1.0343 

0.51 
.51 
.51 
.49 
.49 
.49 
.48 
.50 
.52 
.56 
.62 
.66 

0.42 
.41 
.40 
.40 
.40 
.40 
.39 
.40 
.42 
.46 
.51 
.53 

0.088 
.054 
.037 
.025 
.029 
.043 
.036 
.041 
.036 
.043 
.042 
.071 

5.22 
4.79 
4.43 
4.40 
4.33 
4.22 
4.36 
4.18 
4.63 
4.98 
5.62 
6.07 

4.94 

VfT^ 

86.91 
86.71 
86.85 
87.00 
87.24 
86.96 
87.19 
86.65 
85.74 
84.85 
83.92 

13.09 
13.30 
13.15 
12.92 
12.76 
13.04 
12.81 
13.35 
14.27 
15.15 
16.08 

8.72 
8.86 
8.75 
8.59 
8.54 
&77 
8.63 
8.72 
9.20 
9.54 
10.01 

5.15 

¥»«•«», , 

5.17 

Apr.  27 

5.05 

m(7  K  . , 

5.04 

June  22 

4.50 

Jalj20 

4.52 

Aug.  17 

5.14 

Sept.  14. 

4.62 

Oct.  12 

6.03 

Nov.  9 

6.02 

Nov.  30 

6.61 

COW  NO.  118. 


1906. 
N0V.3 

Dec.  1 

1.0302 
1.0302 

1.0324 
1.0340 
1.0345 
L0344 
L0346 
L0341 
1.0836 
1.0340 
1.0356 
1.0861 
.  1.0856 

85.92 
85.45 

14.08 
14.55 

8.77 
&97 

0.51 
.56 

.54 
.65 
.66 
.67 
.64 
.64 
.64 
.65 
.70 
.75 
.77 

0.32 
.48 

.42 
.54 
.52 
.64 
.64 
.51 
.60 
.51 
.55 
.61 
.58 

0.081 
.061 

.057 
.074 
.071 
.049 
.057 
.062 
.060 
.062 
.065 
.061 
.062 

5.31 
5.55 

6.11 
6.51 
6.71 
6.60 
6.80 
6.17 
4.47 
4.83 
6.28 
5.48 
6.47 

4.47 

Dec.  29 

4.70 

1907. 
Jan.  26 

4.56 

Feb.  23 

4.83 

Mar.  23 

84.70 

o4. 84 

84.30 
85.21 
85.55 
85.58 
84.92 
83.90 
82.84 

15.30 
15.16 
15.61 
14.79 
14.45 
14.42 
16.08 
16.10 
17.16 

9.59 
9.44 
9.81 
9.63 
9.67 
9.65 
9.80 
10.67 
10.70 

5.21 

Apr.  20 

6.20 

May  18 

6.40 

June  15 

4.57 

July  13 

Aug- 10. 

4.73 
4.00 

Sept.  7 

4.72 

Oct.  5 

4.46 

Oct.  26* 

5.22 

L«Bt  period.  Ave  weeks. 


s  Last  period,  three  weeks. 
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Table  5. — Average  arudysis  of  the  mUh  of  each  cow,  by  4^week  /Mrtbcir— Continued. 

cow  NO.  206. 


Four  weeks  end- 
ing— 

Specific 
gravity 
of  milk. 

Water. 

Total 
solida. 

BoUds 
not  fat. 

Total 
nitrogen. 

Caaein 
nitrogeo. 

Albninln 
nitroeen. 

Fat. 

Sugar. 

1907. 
Auk.  17 

1.0338 
1.0827 
1.0328 
1.0326 
1.0325 

1.0330 
1.0327 
1.0333 
1.0329 
1.0322 
1.0329 
l.a335 
1.0331 
1.0333 

Per  cent. 
8&26 
88.43 
88.30 
88.05 
87.89 

88.23 
88.02 
87.84 
88.06 
87.89 
87.81 
87.50 
86.97 
86.58 

Percent. 
11.74 
11.58 
11.70 
11.95 
12.11 

11.77 
11.98 
12.16 
11.95 
12.12 
12.20 
12.50 
13.04 
13.42 

Percent. 
8.50 
&48 

8.68 
8.70 
&82 

8.96 
8.72 
8.92 
8.80 
8.81 
8.80 
9.01 
9.36 
9.74 

Percent. 
0.49 
.43 
.44 
.44 
.46 

.45 
.45 
.44 
.48 
.48 
.51 
.55 
.59 
.66 

Percent. 
0.40 
.35 
.34 
.36 
.37 

.88 
.37 
.37 
.88 
.30 
.43 
.45 
.51 
.57 

Percent. 
a041 
.032 
.031 
.032 
.034 

.032 
.037 
.036 
.027 
.032 
.035 
.038 
.025 
.027 

Percent. 
3.24 
8.14 
3.02 
3.25 
3.29 

8.06 
3.26 
3.25 
8.15 
3.31 
3.31 
3.40 
3.68 
3.68 

Percent. 
4.69 

SeDtl4 

4.98 

Oct.  12 

4.84 

Nov.  9 

5.18 

Dec.  7 

5.42 

1908. 
Jftn.  4 

6.37 

Feb. 1 

5.20 

Feb.  29 

4.76 

Mar.  28 

5.10 

Adt.25 

5.12 

May  23 

5.13 

June  20 

5.02 

July  18 

4.89 

Auk.  8 

4.81 

COW  NO.  206. 


1907. 
June  29 

1.0294 
1.0293 
1.0294 
1.0281 
1.0295 
1.0289 
L(r2K8 

1.0291 
1.0302 
1.0316 
1.0345 

80.05 
89.90 
89.82 
89.74 
89.46 
89.27 
89.25 

89.20 

oo.  Wb 

8S.10 
86.70 

10.05 

laio 
iai8 
ia27 

10.54 
10.  T3 
ia76 

10.80 
11.01 
11.90 
13.30 

7.88 
7.47 
7.60 
7.42 
7.66 
7.67 
7.87 

7.80 
&02 
8.81 
9.78 

a44 

.38 
.87 
.30 
.42 
.42 
.41 

.48 
.44 

.51 
.71 

a34 
.30 
.29 
.30 
.82 
.83 
.31 

.88 
.86 
.42 
.58 

0.042 
.028 
.030 
.022 
.028 
.034 
.040 

.036 
.036 
.039 
.065 

3.07 
2.88 
2.58 
2.84 
2.89 
8.06 
2.88 

8.00 
3.00 
3.09 
3.40 

4.07 

July  27 

4.40 

Aug.  24 

4.44 

Sept.  21 

4-12 

Oct.  19 

4.26 

Nov.  16 

4.04 

Dec.14 

4.74 

1908. 
Jan.  11 

4.25 

Feb.8 

4.09 

Ifflr.7 

3.94 

Apr.  4 

4.50 

COW  NO.  209. 


1907 
Aug.  17.... 

Sept.  14 

Oct.  12 

Nov.  9 

Dec.  7 

19Q8 

Jan.  4 

Feb.  1 

Feb.  29 

Mar.  28 

Apr.  25 

May  23 

June  22 

July4» 


1.0818 

88.76 

11.24 

8.12 

0.50 

0.39 

0.051 

3.12 

1.0305 

89.77 

10.23 

7.63 

.45 

.34 

.032 

2.60 

1.0300 

89.37 

10.63 

7.90 

.45 

.34 

.037 

2.74 

1.0299 

88.93 

11.07 

8.05 

.47 

.36 

.038 

8.24 

La297 

88.85 

1L15 

8.02 

.46 

.35 

.034 

8.14 

1.0303 

80.05 

10.06 

8.14 

.46 

.36 

.042 

2.81 

1.0305 

88.80 

11.20 

8.27 

.50 

.89 

.044 

2.94 

1.0306 

88.78 

11.23 

8.46 

.40 

.40 

.047 

8.01 

1.0313 

88.42 

11.58 

8.57 

.52 

.41 

.038 

3.01 

1.0325 

87.42 

12.58 

9.06 

.60 

.49 

.057 

3.62 

1.0344 

87.02 

12.99 

9.53 

.65 

.53 

.063 

3.46 

1.0348 

86.49 

13.51 

9.61 

.73 

.59 

.084 

3.90 

1.0822 

85.48 

14.52 

9.25 

.71 

.58 

.067 

5.28 

4.40 
4.00 
4.17 
3.95 
4.42 


4.36 
4.10 
3.94 
4.43 
4.62 
4.79 
4.15 
4.30 


COW  NO.  300. 


1906, 

Jan.  25 

Feb.  22 

Mar.  21 

Apr.  18 

May  16 

June  13 

July  11 

Aug.  8 

Sept.  5 

Oct.  3 


1.0329 
1.0325 
1.0326 
1.0308 
1.0313 
1.0302 
1.0300 
1.0309 
1.0320 
1.0319 


86.93 
87.73 
87.86 
88.19 
88.35 
88.66 
88.62 
87.86 
87.44 
86.15 


13.07 
12.27 
12.14 
11.81 
11.66 
11.35 
11.38 
12.15 
12.56 
13.85 


9.06 
8.66 
8.76 
8.45 
8.34 
8.09 
8.07 
8.62 
8.82 
9.33 


0.53 
.47 
.48 
.47 
.46 
.47 
.46 
.49 
.57 
.67 


0.44 
.40 
.40 
.38 
.39 
.39 
.39 
.44 
.52 
.69 


0.039 
.031 
.027 
.030 
.031 
.029 
.029 
.019 
.017 
.032 


4.01 
3.61 
3.38 
3.86 
3.32 
3.26 
3.30 
8.53 
3.74 
4.52 


5.14 
4.81 
4.64 
4.87 
4.96 
4.57 
4.82 
5.  OB 
5.13 
4.39 


t  Last  period,  two  weeks. 
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Table  5. — Average  analysis  of  the  milk  of  each  cow,  by  4'Week  periods — Continued. 

cow  NO.  301. 


Foot  weeks  end- 
Ing- 

Spoclflc 
gravity 
of  milk. 

Water. 

Total 
soUds. 

Solids 
not  fat. 

Total, 
nitrogen. 

mtro^n. 

Albumin 
nitrogen. 

Fat 

Sugar. 

1007. 
Oct.  26 

1.0843 
1.0327 
1.0336 

1.0334 
1.0828 
1.0331 
1.0324 
1.0320 
1.0321 
1.0310 
1.0280 
1.0318 
1.0343 

Percent. 
86.80 
87.61 
87.43 

87.37 
86.01 
87.16 
87.37 
87.36 
87.61 
88.22 
86.46 
86.96 
86.43 

Percent. 
13.20 
13.60 
13.67 

13.64 
13.09 
13.86 
12.63 
12.64 
12.49 
11.78 
13.66 
18.04 
13.27 

Per  cent. 
9.31 
8.76 
8.76 

8.83 
9.01 
9.06 
8.70 
8.70 
8.82 
8.21 
8.63 
9.08 
9.09 

Percent. 
0.66 
.50 
.48 

.61 
.61 
.63 
.61 
.60 
.63 
.53 
.63 
.57 
.66 

Percent. 
0.47 
.40 
.39 

.43 
.43 

.43 
.42 
.42 
.46 
.43 
.46 
.53 
.57 

Percent. 
a048 
.033 
.043 

.036 
.043 
.046 
.043 
.086 
.033 
.036 
.033 
.024 
.032 

Percent. 
3.87 
8.74 
3.81 

3.81 
4.06 
3.78 
3.05 
3.04 
3.67 
3.58 
4.02 
3.06 
4.18 

Percent. 
6.17 

Noy.33 

4.73 

Dec.  21 

6.68 

1908. 
Jan.  18 

6.16 

Feb.  16 

4.77 

Mnr.H 

4.43 

Apr.  11 

6.38 

11^9 

6.13 

Jnii^fl       - 

4.86 

July  4 

4.88 

AlM.l 

4.80 

Auff.  30. 

5.04 

Sept.  10 

5.13 

COW  NO.  400. 


1007. 

NOT.3 

Nov.  30 

Dec  38 

1906. 

Ian.  26. 

Feb.  22 

lfar.21 

Apr.  18 

llaylO 

Jane  13 

July  11 

Aag.  1 


• 

1.0356 

86.20 

i3.n 

0.60 

0.64 

0.46 

0.056 

4.13 

1.0333 

86.71 

13.20 

0.30 

.61 

.41 

.063 

4.09 

1.0333 

86.06 

13.06 

0.06 

.46 

.38 

.033 

o*  vn 

1.0330 

87.52 

13.48 

8.84 

.48 

.38 

.043 

8.66 

1.0343 

86.04 

13.06 

0.37 

.63 

.44 

.045 

3.70 

1.0340 

86.06 

13.06 

0.36 

.54 

.44 

.043 

3.60 

1.0341 

87.04 

13.06 

0.11 

.66 

.46 

.067 

3.85 

1.0344 

86.02 

13.06 

0.35 

.66 

.46 

.046 

3.73 

1.0330 

86.07 

13.08 

8.96 

.58 

.46 

.046 

4.05 

1.0304 

87.67 

13.43 

8.38 

.60 

.48 

.038 

4.16 

1.0296 

87.16 

13.84 

8.67 

.60 

.53 

.087 

4.17 

6.40 
6.06 
6.44 


6.13 
4.87 
4.05 
5.06 
5.10 
4.65 
4.22 
4.26 


COW  NO.  402. 


1907 
Nov.  16.... 
Dec.  14 

1006 

Jan.  11 

Fab.8 

lfar.7 

Apr.4 

idorS 

May  30 

June  27 

July  18 


1.0341 

86.27 

13.74 

.     0.10 

a53 

a44 

ao6i 

4.66 

1.0336 

86.71 

13.30 

0.13 

.58 

.43 

.040 

4.17 

1.0385 

86.03 

13.07 

0.10 

.61 

.43 

.047 

3.07 

1.0340 

86.04 

13.07 

0.37 

.54 

.44 

.046 

3.80 

1.0337 

86.87 

13.16 

0.33 

.65 

.46 

.045 

3.84 

1.0339 

87.03 

12.07 

0.06 

.66 

.44 

.045 

3.02 

1.0333 

86.06 

13.02 

0.04 

.66 

.46 

.042 

3.06 

1.0335 

87.07 

12.03 

0.04 

.67 

.46 

.042 

3.00 

1.0332 

86.20 

13.81 

0.14 

.63 

.53 

.056 

4.67 

1.0326 

86.06 

13.04 

0.68 

.70 

.60 

.020 

4.42 

4.77 
5.38 


5.09 
4.73 
4.65 

5.00 
&20 
4.73 
4.61 
4.31 


COW  NO.  403. 


1008. 
Mar.  14 

1.0348 
1.0828 
1.0327 
1.0317 
1.0816 
1.0313 
1.0321 
1.0333 
1.0834 
1.0821 
1.0327 

87.16 
87.85 
88.26 
88.44 
88.44 
88.36 
87.23 
87.48 
87.62 
87.10 
86.81 

12.85 
12.16 
11.76 
11.66 
11.66 
11.66 
12.77 
13.68 
13.38 
13.00 
13.10 

0.37 
8.78 
8.57 
8.40 
8.43 
8.53 
0.64 
8.07 
8.64 
8.90 
0.16 

a52 
.40 
.47 
.47 
.40 
.61 
.53 
.67 
.58 
.60 
.64 

a42 

.38 
.36 

:i? 

.43 

.46 
.47 
.46 
.45 
.48 

0.053 
.061 
.043 
.044 
.046 
.033 
.030 
.046 
.067 
.003 
.002 

3.68 
3.38 
3.18 
3.16 
3.14 
3.13 
3.23 
3.65 
3.85 
4.00 
4.05 

6.21 

Apr.  11 

6i22 

MavO 

6.30 

June  6 

6.00 

July  4 

4.68 

Amr.1 

5.16 

Aug.  20. 

4.98 

8^25 

5.11 

Oct  24 

4.06 

Nov.31 

4.17 

Dec  10 

4.47 
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Table  5. — Avenge  analynsofthe  milk  o/eadi  cow,  hy  4-^eek  periods — Continued. 

COW  NO.  4. 


Four  weeks  ending— 

Ash.' 

RelfttlTe 

sixeof 

globules. 

Reictiert- 
Heiasl 

number. 

Todin 
number. 

Saponifi- 
cation 
number. 

Reib«o- 

tive  in- 
dex. 

Melting 
point. 

1906. 
Dec.  22 

Percent. 

863 

423 
370 
229 
207 
236 
299 
818 
228 
107 

29.22 

28.72 
28.62 
28.50 
28.90 
29.20 
20.87 
28.83 
25.24 
26.96 

8L06 

28.04 
29.01 
29.94 
28.84 
28.03 
31.40 
29.75 
32.27 
32.16 

23L1 

283.1 
232.9 
229.1 
230.7 
229.0 
227.8 
229.4 
234.4 
235.9 

1.4601 

1.4505 

'*'i.'4604' 
1.4593 
1.4692 
1.4589 
1.4594 

82.30 

1907. 
Jan. 19 

32.63 

Feb  .10 

33.39 

Mw.  16 

33.25 

Apr.  13 ' 

33.30 

Meyll.. 

33.44 

June  8  . r                                   ' 

32.94 

JulyO ' 

33.24 

Aac.  3 

33.03 

Sept.  7* ! 

1.4684 

32.97 

COW  NO.  99. 


1907. 
Feb.  2 

560 

339 
325 
274 
264 
349 
370 
307 
270 
200 
283 
815 

30.10 
28.88 
32.00 
80.06 
27.67 
81.21 
27.03 
27.34 
27.03 
25.83 
24.73 
18.43 

32.88 
29.46 
28.90 
26.76 
29.99 
27.29 
27.03 
27.37 
28.71 
28.80 
27.61 
29.55 

230.0 
232.1 
209.5 
232.3 
227.7 
231.7 
227.3 
230.8 
234.3 
231.4 
229.4 
219.0 

1.4601 
1.4507 
1.4502 
1.4580 

24.94 

Mar.  2 

33.24 

Mar.  30 

83.36 

Apr.  27 i 

34.53 

May2f>..                                     i         

83.78 

Jum22                                      1 

1.4590 

84.06 

July  20 

Aug.  17 

Sept.  14 

Oct.  12 

0.05 
.04 
.05 
.70 
.81 
.91 

34.07 

1.4580 

34.33 
34.64 

1.4558 
1.4564 
1.4567 

38.81 

Not.  9 

34.88 

Nov.  30 

34.86 

COW  NO.  118. 


1906. 
Nov.  3 

29.64 
23.28 
24.14 

•     23.60 
28.90 
24.04 
26.66 
28.12 
26.04 
22.86 
22.79 
20.22 
14.23 
14.21 

30.31 
30.33 
32.54 

28.09 
31.55 
30.43 
28.67 
32.49 
33.67 
81.43 
81.14 
82.47 
88.48 
86.82 

228.6 
224.7 
220.6 

229.0 
230.2 
226.6 
229.4 
234.8 
225.1 
227.6 
237.0 
223.9 
219.5 
219.1 

26.63 

Dec  1 

82.66 

Deo.  29 

417 

879 
858 
873 
301 
834 
836 
2S0 
842 
220 
438 
461 

1.4604 

1.4602 
1.4600 
1.4696 
1.4596 
1.4602 
1.4601 

83.81 

1907. 
Jan.  26 .   ,        

33.31 

Feb.  23 

83.80 

Mar.  23 

33.40 

Apr.  20 

33.92 

May  18. 

33.66 

JnviA  IB -•-  - 

33.89 

July  13 

0.64 
.09 
.76 
.85 

83.59 

Auk.  10 

1.4578 
1.4502 
1.4570 
1.4579 

33.81 

Sept.  7 

33.88 

Oct.  5 

33.46 

Oct.26> 

33.60 

COW  NO.  205. 


1907. 
Aug.  17 

ae4 

.61 
.64 
.60 
.09 

.66 
.59 
.63 
.62 
.02 
.03 
.66 

242 
147 
148 
147 
127 

82 

107 

96 

98 

90 

81 

117 

102 

179 

26.66 
26.01 
26.33 
27.38 
27.82 

26.92 
28.05 
27.53 
27.86 
26.06 
25.63 
20.89 
12,77 
10.27 

37.12 
34.54 
83.23 
81.85 
81.77 

32.64 
32.62 
33.45 
34.07 
35.55 
35.40 
37.53 
42.57 
42.24 

242.2 
229.3 
229.0 
232.0 
230.8 

228.7 
228.1 
227.0 
225.0 
223.9 
226.3 
220.8 
210.1 
205.9 

1.4596 

^41 

Sent.  14 

32.67 

Oct.  12 

1.4559 

33.39 

Nov.  9 

33.76 

Dec.  7 

1.4568 

1.4571 
1.4564 
1.4566 

33.00 

1006. 
Jan.  4 

32.03 

Feb.  1 

32.88 

Feb.  29 

32.98 

Mar.  28 

33.26 

Aor.  25 

33.09 

Mav23 

33.01 

June  20 

32.54 

July  18 

41.80 

Auc.8 

.    .70 

48.34 

1  Ash  not  determined  for  cow  No.  4. 


s  Last  period,  6  weeks. 
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Tablb  5. — Average  analysis  of  the  milk  of  each  oowj  by  i-toeeh  periods — Continued. 

cow  NO.  206. 


Four  weeks  ending- 


June  29. 
July  27. 
Aug.  24. 
Sept.  21 
Oct.  19. 
Not.  16. 
Dec.  14. 


Jan.  11. 
Feb.  8. 
lfar.7. 

AlKT.  4. 


1907. 


1908. 


Aah. 


PercetU, 


a62 
.64 
.71 
.66 


.67 


.67 
.67 
.83 
.86 


Relative 

size  of 

lobules. 


263 
269 
124 
167 
184 
156 
132 


110 

96 
74 
79 


Relchert- 

Meissl 

number. 


30.15 
29.48 
28.15 
24.68 
27.19 
24.51 
24.28 


28.30 
23.53 
».76 
17.62 


lodln 
number. 


31.00 
30.57 
35.53 
31.70 
31.79 
81.67 
33.14 


34.26 
33.91 
35.27 
36.53 


Saponin- 

cation 

number. 


230.7 
228.3 
242.4 
233.7 
232.4 
231.2 
229.7 


225.6 
224.4 
219.9 
216.4 


Ketrao- 
tive  in- 
dex. 


1.4584 
1.4559 
1.45G5 


1.4569 


1.4576 
1.4573 
1.4575 


Melting 
point. 


a 


32.95 
33.62 
31.94 
32.06 
32.47 
32.47 
32.64 


33.13 
32.81 
32.92 
38.80 


COW  No.  200. 


1907. 

Aug.  17 

Senpt.  14 

Oct.  12 

Nov.9 

Dec? 

1906. 

Jtfl.4 

Feb.l 

FlBb.29 

lfar.28 

Apr.26 

May  28 

June  22 

July4i ,.... 


0.72 
.69 
.66 
.71 
.75 


.64 
.67 
.70 
.71 
.74 
.66 
.68 
.76 


821 

139 
136 
138 
104 


80 
98 
99 

106 
79 
63 
76 

118 


25.65 
26.84 
25.10 
27.05 
24.82 


24.68 
22.79 
23.47 
24.23 
20.17 
21.32 
20.70 
21.14 


89.46 
83.32 
32.89 
33.10 
33.53 


34.91 
36.62 
35.50 
37.01 
39.06 
35.35 
36.60 
89.03 


237.2 
230.6 
231.6 
230.8 
228.3 


229.0 
224.0 
222.4 
222.0 
219.2 
222.0 
220.3 
215.3 


1.4598 


1.4565 
'i.'4676 


1.4578 
1.4574 
1.4570 


32.58 
32.16 
32.06 
31.84 
33.04 


31.60 
32.30 
32.78 
32.85 
33.82 
33.15 
35.45 
37.39 


COW  No.  300. 


An.  25. 
Feb.  22. 
Mar.  21. 
Apr.  18. 
lUylO. 
Jane  13. 
Jnly  11. 
Aag.8. 
firat.5. 

oa.8.. 


1906. 


0.66 
.67 
.67 
.68 
.66 
.62 
.68 
.61 
.57 


235 

168 

148 

135 

115 

133 

93 

80 

75 

128 


27.66 
28.96 
27.76 
26.76 
26.83 
25.76 
24.57 
23.87 
23.09 
17.96 


32.68 
28.70 
27.60 
31.91 
27.60 
29.61 
35.30 
37.32 
35.23 
37.74 


232.6 
230.7 
232.3 
224.8 
229.2 
230.1 
224.5 
222.0 
223.9 
217.2 


1.4569 
1.4554 


COW  NO.  301. 


34.80 
33.30 
33.45 
33.54 
33.74 
33.87 
33.83 
33.30 
33.30 
34.04 


Oct.  26... 
Nor.  23.. 
]>ee.21.. 


Jan.  18.. 
Feb.  15. 
Mar.  14. 
Apr.  11. 
May9.. 
JmieO.. 
July  4.. 
Aug.  1. . 
Aug.  29. 
Sept.  19. 


1907. 


1908.' 


0.64 
.66 
.67 


.59 
.60 
.64 
.62 
.55 


.60 
.51 
.55 
.70 


282 
189 
142 


156 
165 
178 
163 
151 
146 
114 
146 
93 

no 


30.50 
27.09 
26.58 


25.13 
24.88 
26.79 
25.59 
26.40 
24.42 
24.36 
18.09 
21.  ?2 
20.67 


28.58 
29.91 
30.56 


29.85 
30.93 
30.31 
31.04 
30.54 
32.64 
3.'i.n 
44.11 
39.  G2 
36.80 


236.9 
234.1 
232.0 


230.4 
227.5 
229.7 
219.6 
228.3 
228.4 
224.3 
216.2 
218.7 
221.3 


1.4564 
1.4567 
1.4560 


1.4563 
1.4563 


32.07 
33.21 
32.61 


32.80 
33.85 
32.98 
33.96 
33.55 
33.33 
33.10 
34.35 
33.23 
33.28 
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Tablb  5. — Avtrage  analyns  of  the  mUkofetKh  cow,  by  4^week  periodt — Ck>iitinaed. 

cow  NO.  400. 


Four  weeks  ending— 

Aah. 

B^tive 

slseof 

{Lobules. 

Reldiert- 

Meissl 

number. 

lodln 
number. 

Saponill- 

cation 

number. 

Refirao- 

ttveln. 

dez. 

Melting 
point. 

1907. 
Nov.  2 

PtT  cent. 

0.70 

.72 

.69 

.67 
.67 
.75 
.72 
.70 

442 
503 
317 

245 
250 
277 
231 
197 
214 
179 
194 

80.77 
20.31 
25.05 

25.90 
28.68 
26.54 
24.70 
25.99 
24.46 
22.57 
22.25 

30.13 
32.12 
39.05 

31.36 
31.66 
33.31 
35.71 
33.25 
34.28 
36.91 
38.49 

232.3 
231.7 
224.2 

230.0 
229.4 
227.2 
223.9 
226.5 
224.9 
220.5 
216.8 

•c. 

33.91 

Nov.  30 

L4570 
1.4581 

1.4563 
L4557 

82.99 

Dec.  28 

81.61 

1908. 
Jan.  25 

33.15 

Feb.  2? 

83.01 

Mar.  21 

83.88 

Apr.  18 

May  16 

June  13 

83.63 

34.13 

84.21 

July  11 

.70 
.86 

86.40 

Au«.l ; 

36.49 

COW  NO.  402. 


1907. 

Nov.16 

Dec.l4 

1908. 

Jan.  11 

Feb.8 

Mar.7 

Apr.  4 

May2 

May  30 

June  27 

July  18 


aTi 

.73 

.70 
.71 
.73 
.73 
.74 
.73 
.60 
.86 

566 
561 

394 
374 
380 
232 
271 
214 
213 
198 

30.72 
37.14 

26.69 
26.60 
26.07 
24.12 
23.75 
23.93 
18.39 
16.61 

30.76 
29.21 

31.15 
30.42 
32.08 
85.16 
35.13 
35.47 
41.01 
42.19 

234.3 
233.9 

239.8 
223.0 
228.3 
234.3 
223.7 
222.7 
215.8 
211.5 

L4566 

L4560 
1.4560 

32.60 
82.70 


33.20 
83.00 
32.05 
83.09 
33.76 
33.70 
84.65 
36.31 


COW  NO.  403. 


1906. 
Ma'.  14. 

357 
803 
213 
183 
134 
141 
146 
147 
203 
175 
128 

29.36 
36.67 
36.31 
36.30 
25.60 
26.02 
26.38 
24.63 
23.27 
24.25 
25.51 

33.33 
35.18 
33.10 
33.76 
35.28 
35.57 
34.96 
36.34 
37.32 
35.24 
35.04 

234.3 
225.4 
228.1 
220.9 
226.4 
230.1 
224.6 
225.1 
223.8 
236.4 
226.6 

83.70 

Anr.  11 

a67 
.71 
.66 
.61 
.57 
.69 
.69 
.69 
.76 
.87 

83.33 

May  9 

32.70 

Juji«  6 . . 

33.60 

July4 

33.15 

Aug.  1 

33.98 

Aujz.  20 

33.54 

Sept.  26 

83.65 

Oct.  24 

33.14 

Nov.  21 

33.28 

Dec.  19: 

32.83 

TOTAL  NITROGEN  AND  PROTEIN. 

Table  6  gives  the  average  per  cent  of  total  nitrogen  in  the  milk 
of  each  of  the  11  cows  by  4-week  periods.  The  figures  for  the  in- 
dividuals are  also  grouped  by  breeds  in  order  that  an  average  may 
be  given  representing  each  breed,  and  a  grand  average  including  all. 
The  averages  are  also  expressed  in  per  cent  of  protein  (Nx6.38). 
The  changes  in  the  total  protein  for  each  cow  by  4-week  periods  is 
represented  in  figures  1  to  11;  and  average  for  the  11  animals  in 
figure  12. 
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Fto.  l.~Diagnm  showing  variation  in  yield  and  composition  of  milk  of  oow  No.  4  at  end  of  each  4-week 

period. 


Vto.  2d— Diagmm  diowing  variation  In  yield  and  eomposltion  of  nUDc  of  oow  No.  W  at  end  of  eadi  4-week 

period. 
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Fio.  3.— Diagnin  showing  TBriatioo  in  yield  and  composition  of  milk  of  oow  No.  118  at  end  of  each  i-mek 

period. 


Ffo.  4.~Diagiam  showing  variation  in  yMA  and  composition  of  milk  of  oow  No.  306  at  end  of  saoh 

period. 
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Itok  5.— Dlagiain  sbowliig  variation  in  yield  and  oompodtion  of  milk  of  oow  No.  206  at  end  of  each  4-week 

period. 
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STAGE  OF  LACTATION  AND  PBOPEBTIES  OF  MILK. 


Fio.  6.— Diagram  showing  yarlaUoo  in  yield  and  oompocitioQ  of  milk  of  oow  No.  aoo  at  end  of  eadi  4-wedc 

period. 
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Fio.  7.— DiBgcam  showing  yariatioa  in  yield  and  oomposltioD  of  mUk  of  oow  No.  300  at  end  of  eaoh  4-week 

period. 


VIO.  &— Diagram  sbowing  yariation  in  yield  and  composition  of  mfflc  of  oow  No.  301  at  end  of  each  4-week 

period. 
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STAGE  OF  LACTATION  AND  PBOPSBTIES  OF  KILK. 


Via.  9«— DJagnin  Bhowing  vwiatkm  In  jrleld  and  oomposltiaii  of  milk  of  oow  No.  400  at  end  of  each 

period. 


Fio.  10.— Diagram  showing  variation  In  yield  and  oomposltloii  of  mUk  of  oow  No.  408  at  end  of  each  4-w6ek 

period. 
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Fio.  U.— Diagram  showlog  variation  in  yield  and  oompofiltiofi  of  milk  of  cow  No.  408  at  end  of  each  4-week 

period. 
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FU.  12.— Diagram  showing  variation  in  yield  and  composition  of  milk  at  end  of  each  4-week  period; 

average  for  11  cows. 

It  is  a  well-established  fact  that  the  milk  secreted  immediately 
after  parturition  is  abnormally  high  in  albumin.  But  it  is  not 
generally  understood  that  this  is  also  true,  although  in  lesser  measure, 
of  the  other  milk  proteids,  and  that  the  normal  per  cent  of  this 
constituent  is  not  reached  for  several  weeks.  The  change  in  total 
nitrogen  during  the  first  6  weeks  is  shown  in  Table  7.  It  must  be 
borne  in  mind  in  studying  this  table  that  all  analyses  are  made  from 
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what  would  be  generally  considered  normal  milk.  In  no  case  were 
the  samples  taken  until  the  colostrum  period  was  passed;  therefore 
we  can  not  ascribe  the  high  total  nitrogen  content  during  the  first 
few  weeks  to  the  high  albumin  content  of  the  colostrum.  It  will  be 
noted  that  in  every  case  but  one  the  per  cent  of  nitrogen  starts  high, 
drops  decidedly  the  second  week;  and  reaches  the  lowest  point  in 
from  4  to  6  weeks. 

After  the  lowest  point  is  reached  the  per  cent  of  total  nitrogen 
remains  fairly  constant  until  about  the  eighth  month  of  the  lactation 
period,  when  it  begins  to  rise  gradually.  Toward  the  end  of  the 
period  it  rises  more  rapidly  until  it  attains  its  maximum  at  the  end 
of  the  lactation  period.  Ilie  range  of  variation  with  individual  cows 
and  with  the  average  is  shown  below. 


MftTrintnm  range  In  per  oent  of  total  protein 
Iflnlmnm  range  in  per  oent  of  total  protein. 
Average  (11  oowB) , 


Low. 


3.36 
3.83 
3.»7 


Average. 


3.68 
3.70 
8.30 


High. 


4.68 
4.31 
4.31 


If  we  express  the  average  total  protein  by  100  per  cent  the  varia- 
tion will  be  as  follows: 


ICaximom  range. . 
Minimum  range.. 
Average  (11  cows) 


I4OW. 


88.0 
89.7 
90.0 


Avenge. 


100 
100 
100 


Hic^ 


169.0 
113.7 
130.0 


Total  range 

in  per  oent 

of  average 

protein. 


81.0 
34.0 
4a6 


The  data  show  a  wide  range  of  variation  in  total  protein  during 
the  normal  lactation  period.  As  compared  with  the  fat,  generally 
assumed  to  be  the  most  valuable  constituent,  it  will  be  found  with 
the  11  cows  used  in  this  investigation  that  the  variation  in  total 
protein  exceeds  the  variation  in  fat.  This  is  shown  in  figure  12. 
However,  if  the  composition  of  the  milk  of  each  separate  milking 
was  known  it  is  quite  certain  from  other  data  at  hand  that  the  range 
of  variation  in  the  per  cent  of  fat  would  be  much  greater  than  with 
thecasein;  that  is  to  say,  the  fat  varies  more  from  milking  to  milking 
than  does  the  total  nitrogen;  but  eliminating  these  temporary  varia- 
tions the  per  cent  of  fat  is  less  affected  by  the  period  of  lactation 
than  is  the  total  nitrogen. 

It  might  be  mentioned  at  this  point  that  the  last  samples  included 
were  stiU  what  would  be  considered  as  normal  milk.  In  some  in- 
stances analyses  were  made  on  samples  taken  up  to  the  time  that 
the  cows  ceased  to  produce  milk,  but  these  results  are  not  included 
in  the  tables. 
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Tablb  6. — Average  total  nitrogen  for  each  eow  and  average  total  nitrogen  and  protein  for 

each  breed,  by  4-y>eek  periods. 


Cow  No. 


4... 
99.. 
118. 


Ayense  tolal  nl^ogen  for 
JeneyB 

Averago  total  protein  for 
Jonoys 


206. 
a09. 


Avwage  total  'nitrogen  for 
Holsteins 

Awage  total  protein  for 
Holsteins 


»0 

A^cnn  total  nitrogen  for 
AynhirSB... 

Avenge  total  protein  for 
Ayrsnires 


400. 
402. 
403. 


Average  total  nitrogen  for 
Sborthoms 

Average  total  protein  for 
fihortbonis 


GiBod  avenge  total  nitrogen. 

Qrand  avenge  total  protein . 

VarJaUon  In  percentage  of 
total  protein,  on  basis  of 
Itast  pertod  l)eing  100  per 
cent 


a  52 
.61 


.52 
3.32 


.40 
.44 
.50 


.48 
8.06 


.53 
.56 


.55 
3.51 


.54 
.53 
.52 


.53 
8.38 


.51 
a25 


PjcL 

a53 

.51 

.51 


.52 
8.32 


.43 
.88 
.45 


.42 
2.68 


.47 
.50 


.49 

ai8 


.51 
.52 
.49 


.51 
3.25 


.48 
3.06 


100      94 


PxL 

as? 

.51 
.56 


65 

a  51 


.44 
.37 
.45 


.42 
2.68 


.48 
.48 


.48 
3.06 


.46 
.51 
.47 


.48 
3.06 


.48 
3.06 


94 


5 

o 


Pxt 

a  61 

.40 
.54 


.55 
3.51 


.44 
.39 
.47 


.43 

2.74 


.47 
.61 


.49 
3.13 


.48 
.54 
.47 


.50 
3.19 


.49 

ai3 


96 


PxL 

aeoi 

.49 
.65 


.58 
3.70 


.45 
.42 
.45 


.44 

2.81 


.46 
.61 


.49 

ai3 


.53 
.55 
.49 


.52 
3.32 


.51 
3.25 


100 


CQ 


PxA. 

a  69 

.49 
.65 


.68 
3.70 


.45 
.42 
.46 


.44 
2.81 


.47 
.53 


.50 
3.19 


.54 
.65 
.51 


.53 
3.38 


.61 
8.25 


100 


3 


P.ct 

a50 

.481 
.67 


.58 
8.70 


.45 
.41 
.50 


.46 

2.87 


.46 
.51 


.49 
3.13 


.56 
.56 
.63 


.55 
a  51 


.52 
3.32 


102 


I 

I 


PM. 

a  57 

.501 
.64 


.67 
3.64 


.44 
.43 

.49 


.45 
2.87 


.48 
.60 


.60 

3.19 

"756 
.57 
.57 


.57 
3.64 


.52 
a32 


102 


6 
B 


P.rt. 

a62 
.62 
.64 


.60 
3.76 


.48 
.44 
.62 


.48 
3.06 


.67 
.63 


.56 
3.51 

Tsi 

.63 
.58 


.60 

I 

3.83 


.56 
3.57 


110 


I 


P.ct. 
a66 

.56 
.64 


.62 
8.06 


•  4o 

.61 

.601 


.63 
3.38 


.67 
.63 


.60 
3.83 

"Too 

.70 
.60 


402 


.60 
3.83 


118 


P.eL 


a62 

.65 


.64 
4.08 


.51 
.71 
.65 


.62 
3.96 


.53 


69 


64 


.62 
3.96 


.61 
3.89 


120 


P.ct 


0.66 
.70 


.68 
4.34 


56 


.73 


.64 
4.08 


.57 


.64 
4.08 


125 


P-Ct 


a  75 


.  Uv 


.71 


.65 
416 


.65 


.68 
4  34 


133 


i 


I 


P.«t 


a77 


.65 


.64 


Tablb  7. — Showing  change  in  the  total  nitrogen  of  each  cow  during  the  first  6  weeks. 


Week. 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

No.  4 

No.  99. 

No.  206. 

No.  206. 

No.  209. 

No.30a 

N0.80L 

No.40a 

No.  402. 

No.  408. 

PereL 

PereL 

PereL 

PercL 

PereL 

PereL 

PereL 

PereL 

PercL 

PereL 

1 

a63 

a66 

a54 

a6S 

a  61 

a61 

a64 

a67 

a58 

a67 

2 

.52 

.52 

.51 

.48 

.49 

.63 

.67 

.64 

.61 

.61 

8 

.51 

.46 

.40 

.44 

.50 

.64 

.63 

.61 

.51 

4 

.46 

.46 

.39 

.45 

.48 

.60 

.63 

.52 

.60 

5 

.67 

.51 

.44 

.37 

.45 

.46 

.49 

.61 

.50 

.61 

6 

.40 

.52 

.43 

.38 

.43 

.46 

.50 

.52 

.62 

.48 

It  is  believed  this  change  in  the  per  cent  of  total  nitrogen  during 
the  lactation  period,  as  shown  by  the  data  giyen,  is  entirely  normal. 
Every  cow,  with  one  exception,  showed  a  decline  during  the  first 
few  weeks,  and  all  showed  a  rise  in  the  latter  end  of  the  period, 
although  with  some  this  was  much  more  marked  than  with  others. 
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The  authors  surest  that  this  normal  decline  in  total  protein  m 
the  early  part  of  the  lactation  period  is  due  to  the  physical  condition 
of  the  animal.  Under  normal  conditions  a  cow  is  in  a  good  physical 
condition  at  calying  time.  That  is  to  say,  she  has  been  on  a  high 
plane  of  nutrition  and  has  stored  surplus  fat  and  protein  in  the  body. 
This  is  a  provision  of  nature  to  prepare  the  animal  to  produce  milk 
for  her  young,  if  necessary  partly  at  the  expense  of  her  own  body. 

After  calving,  imder  normal  conditions,  the  cow  loses  in  weight 
for  from  2  to  10  weeks.  This  means  that  she  does  not  consume 
sufficient  food  to  furnish  maintenance  and  support  the  milk  pro- 
duction. Consequently,  she  draws  for  some  time  on  her  stored 
nutrients  and  loses  weight.  This  loss  of  weight  happened  with  the 
11  cows  used  in  the  investigation  here  reported.  Peifaaps  on  the 
average  the  decline  in  weight  was  rather  more  than  the  normaL 
Unfortunately,  no  complete  records  of  weight  were  kept. 

However,  by  referring  to  Tables  27  and  28  data  may  be  studied 
that  bear  directly  upon  this  problem.  The  5  cows  dealt  with  in 
these  tables  were  used  in  another  investigation  in  which  it  was  an 
important  part  of  the  plan  to  maintain  a  uniform  weight  throughout 
the  milking  period.  The  weights  given  are  the  averages  of  daily 
weight  for  the  period  included.  It  will  be  observed  that  except  in 
the  case  of  No.  27  practically  uniform  weights  were  maintained. 
No.  27,  on  accoimt  of  the  lai^e  amoimt  of  milk  produced  and  because 
she  suffered  from  some  indigestion,  lost  weight  rapidly  during  the 
first  10  days.  The  total  nitrogen  in  her  milk  was  also  low  at  this 
stage  and,  in  fact,  follows  her  decrease  and  increase  in  weight  in 
general  throughout  the  milking  period.  The  other  4  cows  were 
maintained  at  practically  the  same  weight  throughout  the  entire 
milking  period,  and  it  will  be  observed  that  the  per  cent  of  total 
nitrogen  is  almost  constant.  It  should  be  understood  that  these 
cows  were  farrow,  which  may  account  for  the  fact  that  there  was  no 
marked  increase  in  the  total  nitrogen  in  the  last  part  of  the  lactation 
period,  but  it  does  not  account  for  the  fact  that  there  was  no  decline 
in  the  first  few  weeks. 

OASEIN  KrrBOOEK  AND  CASEIN. 

Table  8  gives  the  casein  nitrogen  by  4-week  periods  for  each  cow, 
with  an  average  for  each  breed  and  for  the  1 1  cows.  The  averages 
are  also  expressed  in  casein  found  by  using  the  factor  6.38. 

The  variations  in  the  casein  nitrogen  during  the  lactation  period 
are  similar  to  those  of  the  total  nitrogen.  There  is  the  same  decline 
during  the  first  few  weeks,  followed  by  a  gradual  rise  lasting  from 
5  to  8  months,  then  a  more  rapid  increase  to  the  end  of  the  period. 
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The  range  of  variations  in  caseia  content  with  individual  cows  and 
with  the  average  is  shown  below: 


ICaximimi  iBage  In  per  cent  casein 
Minimom  mge  in  per  cent  ossein. 
(llOOWB) 


Low. 


2.04 
2.30 
2.32 


Avenge. 


3.14 
2.61 
2.68 


Hic^. 


3.89 
3.06 
3.  £6 


If  we  express  the  average  casein  content  by  lOO  per  cent,  the  maxi- 
mum and  minimum  would  be  as  follows: 


• 
• 

Low. 

Average. 

High. 

Total  range 

in  per  cent 

of  avenge 

casein. 

64.0 
88.1 
86.6 

100 
100 
100 

123.8 
117.2 
130.0 

58.9 

innfmnm  nnin 

29.0 

Aywyn  (11  oowb) 

45.5 

The  maximum  range  of  variation  is  1.85  per  cent  of  casein,  or  58.9 
per  cent  of  the  average  casein  content;  the  minimum  is  29.1  per  cent 
of  the  average;  while  the  11  cows  show  an  average  variation  of  1.21 
per  cent,  or  45.5  of  the  average  casein  content.  It  will  be  noted  that 
the  maximum  range  is  caused  by  one  exceptionally  low  figure,  while 
the  high  point  reached  by  the  same  animal  is  closer  to  her  average 
than  is  the  case  with  the  average  figures  for  the  11  cows. 

It  wiU  be  further  noted  that  with  the  average  figures  the  minimtim 
figure  is  only  0.36  per  cent  below  the  mean,  while  the  maximum  is 
0.88  above.  The  greater  variation  in  the  latter  is  due  to  the  exceed- 
ingly high  figures  reached  at  the  end  of  the  lactation  period. 
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Tablb  8. — Average  catdn  'nitrogen  foit  eack  eow,  and  breed  average,  and  average  coMein 

nitrogen  and  caaeinfor  eadi  breed,  by  4-M)eek  periods. 


Cow  No. 


4... 

90.. 
118. 


Avenge  caeeln  nltiogBn  for 
AYera^B  caaetn  for  Jeraeys. . . 

208 


Average  cesetn  nUiogeii  for 

Hoistelns 

Avenge  casein  for  Hobtetns . 


aoo. 

301. 
A 


verage  caaeln  nitrogan  for 

Ayishires 

Avengecaeetn  for  Ayiabires . 


400. 
402. 
403. 


Average  oaaetn  nitrogen  for 
Shoithams 

Average  casein  for  Bhort- 
homs f 


Grand  avenge  casein  nltro- 
Oiand  avenge  casein. 


uiana  avenge  casern 

Variation  in  jperoeatagB  of 
casein  on  oasia  of  first 
period  being  100  per  cent. . 


P.O. 

a44| 

.42 


.43 
2.74 


.40 
.34 
.39 


.38 
2.42 


.44 

.47 


.46 
2.98 


.45 
.44 

.42 


.441 
2.81 


.42 
2.68 


ioa| 


P. a. 

0.38 
.41 

.321 


.87 
2.36 


.35 
.30 
.34 


.83 
2.11 


.40 
.40 


.40 
2.56 


.41 
.43 
.38 


.41 
2.62 


.37 
2.30 


P.rt 
0.48 
.40 
.48 


.46 
2.87 


.34 
.29 
.34 


.32 
2.04 


.40 
.89 


.40 
2.55 


.38 
.42 
.36 


.39 
2.49 


.89 
2.49 


98 


P.d. 
a  49 

.40 
.42 


.441 
2.81 


.36 
.30 
.36 


.  94 

2.17 


.38 
.43 


.41 
2.621 


P.CL 
0.48 
.40 
.54 


.47 

3.00 


.37 
.32 
.35 


.86 
2.23 


.39 
.48 


.41 
2.621 


.38 
.44 

.87 


.40 
2.56 


.39 
2.49 


98 


.44 

.45 
.87 


2.68 


.41 
2.62 


96 


P.e*. 

0.47 

.40 

.52 


.47 
3.00 


.38 
.83 
.86 


P.«t 

a47 

.89 

.64 


.47 
3.00 


.37 
.31 


.86     .86 
2.80  2.30 


.39 
.43 


.41 
2.62 


,44 
.44 

.48 


.441 
2.81 


.42 
2.68 


.39 
.42 


.41 
2.631 


.46 

.45 
.46 


.45 
2.87 


.42 

2.68 


100    100 


P.€<, 

0.46 
.54 


.47 
8.00 


,37 
.83 
.40 


.87 
2.86 


.44 

.42 


.48 
2.74 


.46 
.45 

.47 


.46 
2.93 


.43 
2.74 


102 


P.rt. 

0.50 

.42 

.a 


.48 
8.06 


.36 
.41 


2.42 


.62 
.45 


.49 
8.18 


.46 
.58 
.46 


.48 
8.06 


.45 
2.87 


107 


I 


P.et 

0.621 

.40 

.60 


P.tf. 


.51 


.49     .61 
8.18  8.2$ 


,39 
,42 
.49 


.48 

2.74 


.59 
.48 


.61 
8.26 


.48 
.56 
.45 


.50 
8.19 


.48 
3.06 


114 


P.efc 


0.68 
.66 


.54 

8.46 


.45 


.48 
.56 
.69     .69 


.61 
8.26 


.46     .62 


,58 


,48 


.61 
8.25 


.60 
8.19 


119 


3.82 


.68 
3.88 


126 


P.tL 


aoi 


.61 


8.61 


.67 


.87 
3.64 


186 


P.rt. 


a68 


.67 


.68 
8.70 


188 


Table  9  gives  the  ratio  of  casein  nitrogen  to  total  nitrogen  for 
each  animal.  A  striking  uniformity  will  be  observed  in  this  table. 
From  79  to  83  per  cent  of  the  total  nitrogen  consists  of  casein  in 
most  cases.  This  ratio  shows  but  little  change  even  when  the  total 
protein  makes  a  wide  variation. 

Table  10  shows  this  relation  by  weeks  for  the  first  5  and  the  last 
5  weeks  of  the  lactation  period.  The  milk  at  these  two  extremes  of 
the  milking  period  shows  the  widest  variation  in  composition,  but 
it  will  be  noted  the  ratio  between  the  total  nitrogen  and  the  casein 
remains  practically  unaffected.  For  example,  cow  No.  206  in  the 
third  period  averaged  0.29  per  cent  total  nitrogen,  of  which  78  per 
cent  was  casein.  In  her  eleventh  period  she  averaged  0.58  per  cent 
total  nitrogen,  or  exactly  double  that  of  the  third  period,  of  which 
82  per  cent  was  casein.  There  seems  to  be  only  a  slight  effect  that 
can  be  attributed  to  the  advance  in  the  period  of  lactation,  and  that 
is  a  small  increase  in  the  relative  amount  of  casein  in  the  last  part  of 
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the  lactation  period^  whan  the  per  cent  of  total  protein  increases 
veory  rapidly. 

Tablb  9.—Averaff€  ratio  ofeoiein  nitrogen  to  total  nitrogen^  by  4^W€ek  periodB. 


Cow  No. 


4 

99 

AveregB  for  Jcnoys , 

206 

Average  tor  Holsteiitt 

300 

ATera^B  for  AyrsbJies.. . . 

400 

402 

408 

ATttBge  for  ShoffhoRis. . . 

Onmd  total  avenge 


s 


Pad. 

0.85 
.82 


.77 


i 

OQ 


P.O. 
0.72 
.80 
.63 


.84     .72 


•82     .81 


.79 


.78     .76 


.79     .79 


.83 
.84 


.84 


.85 
.80 


.83 
.83 
.81 


.82 
T«3 


.80 
,83 

.78 


.80 

J8 


P.eL 
0.84 

.78 
.86 


.83 


.77 

.781 
.76 


.77 


.83 
.81 


.82 


.83 
.82 
.77 


.81 


P.et. 

0.80 

.82 

.78 


.80 


.82 
.77 
.71 


.79 


.81 

.84 


.79 
.82 
.79 


,80 


80     .80 


I 


P.cL 

0.80 

.82 

.83 


82     .81 


.82 
.76 
.78 


.79 


.85 
.84 


.85 

.82 
.76 


.81 


CQ 


P.ei. 

0.81 
.82 
.80 


.84 
.79 
.78 


.80 


.83 
.81 


.82 

.82 

.80 
.84 


80     .82 


.81 


J 


P.ct. 

0.8(^ 
.81 
.81 


.81 


.82 

.76 
.78 


,85 
,82 


i 


P.d. 

asi 


t 

I 


P.eL 

0.81 
.801  .81 
.84     .801 


.82     .81     .80 


.84 
.77 
.82 


P.cL 

a79 

.82 

.78 


.79 
.82 
.79 


.79     .81 


.80 


.90 
.84 


.84     .87 


.80 
.82 
.87 


.83 


.81 


.82 

.79 
.88 


.81 


.91 

.85 


.88 

li 
.84 
.79 


.80 


•1 


.82 


.81 
.82 
.82 


.82 


.88 
.81 


.85 

.80 
.80 
.75 


.78 


.81 


s 


PM. 


a82 

.79 


.81 


.84 
.82 
.82 


.83 


.87 


.87 


.75 


.83 


15 


P.cL 


0.80 
.79 


P.rt. 


0.81 


.80     .81 


.82     .86 


.81 


.82 


.82 


.91 


.91 


.84 


.88 


.60 


.84 


S 


P.ct. 


0.76 


.75 


.88 


.82 


Tablb  10. — Ratio  ofcauin  nitrogen  to  total  mtrogenfor  each  oonojor  fint  S  arid  last  5 

weeks  of  lactation  period. 


stage. 

Cow  No. 

— 

4 

99 

118 

206 

206 

209 

300 

801 

400 

402 

408 

FIntweek 

0.88 

.79 
.80 

.76 
.78 
.79 

0.78 
.85 
.78 
.91 
.80 

.76 
.83 
.83 

.78 
.79 

a79 
.78 
.81 
.71 
.75 

0.80 
.80 
.83 
.80 
.80 

.82 
.89 
.90 
.89 
.85 

0.77 
.79 
.78 
.77 
.81 

.79 
.80 
.79 
.85 
.79 

0.76 
.80 
.77 
.80 
.76 

.79 
.86 
.78 
.84 
.79 

0.80 
.83 
.86 
.83 
.87 

.91 
.90 
.89 

.86 
.86 

a83 

.86 
.85 
.82 

.84 

.96 
.90 
.92 

.85 
.87 

0.82 
.83 
.85 
.79 
.80 

.82 

.84 
.90 
.86 
.93 

0.83 
.84 
.82 
.88 

.84 

.81 
.86 
.59 
.89 
.92 

0.81 

Seoondweek 

Third  week. 

Foortfa  wedc 

Fifth  week 

Fifth  week  from  end 

.84 
.76 
.76 
.72 

.78 

Fourth  week  3ram  end 

.76 

Third  week  from  end 

'Seoond  week  firam  end 

LMtweek.. x. 

.78 

.74 
.77 

ALBUMIN. 

Table  11  shows  the  amount  of  nitrogen  as  albumin.  The  average 
for  the  breeds  and  the  grand  average  is  also  expressed  as  albumin  by 
using  the  factor  6.38.  The  nitrogen  as  albumin  was  determined  as 
already  stated  by  the  provisional  method  of  coagulating  the  filtrate 
from  the  casdn-nitrogen  determination  by  heat  and  finding  the 
amount  of  nitrogen  in  the  residue  by  the  Gunning  method.  This 
method  has  proved  unsatisfactory^  failing  to  yield  concordant  results 
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even  when  the  greatest  of  caie  is  used  in  canying  it  out.  This  is  no 
doubt  due  to  the  similarity  of  the  albumin  and  the  remaining  soluble 
proteins.  It  is  impossible  with  the  provisional  method  to  separate  the 
albumin  from  the  remaining  protein  with  any  degree  of  accuracy. 
This  probabty  accounts  for  some  of  the  extreme  yariations  found  in 
the  results  here  reported. 

Table  11.— Average  albumin  niirogm  and  aUnmUn,  by  4^W€ek  periodt. 


Cow  No. 


4... 
99.. 
118. 


Averwe  albumin  nitrogen 

for  Joneyv.. 

Avenge  aloaxnJn  for  Jeneys. 

906 

tfl^va  •■••■  ••••  •«••••«•••«••■•« 

AverMe  albumhi  nltfogen 

forHolstelns 

Average  albumin  for  Hoi- 


aoo. 

801. 


Average  albumin  nitrogen 
for  Ayrahiree 

Average  albumin  for  Ayr- 
shires 


400. 
403. 
403. 


Averue  albumin  nltngen 
for  Shortlioma. 

Average  albumin  for  Short- 
horns  

Gnad  average  albumin 
nitrogen. 

Grand  average  albumin 

Variation  in  peroentage  of 
albumin,  on  basis  of  first 
period  being  100  per  oant. . 


Smce  the  figures  given  in  Table  11  are  in  each  case  the  average  of 
4  samples  each  representing  one  week,  the  extreme  variations  which 
occur  in  the  weekly  tables  given  in  the  appendix  and  which  it  is 
recognized  are  due  in  part  to  the  method  used,  are  largely  removed, 
and  it  is  possible  to  study  the  general  effect  of  the  lactation  period 
on  the  albumin  nitn^en. 

The  albumin  nitrogen  follows  the  same  course  as  the  casein  nitrogen 
during  the  lactation  period.  In  the  beginning  it  is  higher  than  the 
average,  soon  declines,  reaching  the  minimum  about  the  third  month. 
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From  this  point  on  there  is  a  gradual  rise,  which  becomes  much  more 
pronounced  at  the  end.  The  range  in  albumin  by  individual  animals' 
in  4-week  periods  is  as  foUows: 


Low. 


ifityinnini  rangB  In  per  cent  albmniii ^ 

Mmimnm  range  in  per  cent  albumin 

(UOOWB) 


0.191 
.169 
.181 


asio 

.218 
.279 


a608 


If  we  express  the  average  albumin  by  100,  the  results  given  above 
would  be  as  follows : 


Low. 

A^eragB. 

TT%hr 

Total  raofl 

in  per  cent 

ATeraoB 

albamm. 

ifurfflimm  nnfle. 

61.6 
74.6 
64.8 

100 
100 
100 

19l!2 
123.0 
146. 1 

uao 

48.4 

Aybtba  raunYll  oowb) 

80L8 

Table  12  shows  the  ratio  of  albumin  to  total  nitrogen.  It  will  be 
observed  that,  like  the  casein  nitrogen,  the  albumin  nitrogen  bearis  a 
definite  relation  to  the  total  nitrogen.  This  table  shows  the  albumin 
nitrogen  to  constitute  on  the  average  8.1  per  cent  of  the  total,  and  the 
only  variation  in  this  ratio  that  can  be  attributed  to  the  period  of 
lactation  is  the  somewhat  smaller  proportion  of  albumin  in  the  last 
3  or  4  week  periods. 

Tablx  12. — Relation  of  the  caseirij  albumin,  and  residual  nitrogen  to  the  total  nitroffeOf 

by  4^week  periods. 


FKkMl 

Mo. 

Total 

nitrogan. 

Caasin 
nitrogan. 

nitn^EBn. 

Resldnal 
oitzogBD. 

Period  No. 
No. 

Total 
nitrogen. 

Casein 
nitrog^b. 

Albomln 
nitrogen. 

Residnal 
nltzogBD. 

1 

Pereeni. 
100 
100 
100 
100 
100 
100 
100 
100 

PercenL 
82 
78 
80 
80 
81 
81 
81 
82 

Percent. 
0 
9 
8 
8 
8 
8 
8 
8 

Percent. 
9 
18 
12 
12 
11 
11 
11 
10 

9 

Percent. 
100 
100 
100 
100 
100 
100 

Percent. 
82 
81 
88 
83 
84 
82 

Percent. 
8 
8 
9 
9 
7 
6 

PercenL 
10 

2 

10 

11 

12 

13 

14 

Avaraga 

11 

8* 

8 

4. 

8 

5^ 

9 

6. 

12 

7 

8. 

100 

81.4 

8.1 

11 

THB  RESIDUAL  NrTBOGEN. 


Under  this  term  as  here  used  is  included  the  mtrogen  remaining 
in  solution  after  that  precipitated  as  albumin  is  removed  by  filtering. 
The  chemical  nature  of  ^e  nitrogen  compounds  included  in  this 
group  will  not  be  considered* 
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Below  ia  giyen  the  average  residual  nitrogen  for  the  11  cows  by 
4-week  periods: 


Period. 

1 

2 

8 

4 

6 

6 

7 

8 

0 

10 

11 

13 

oaliiitiogBa.. 

aoM 

0.063 

0.068 

0.068 

aQ66 

a066 

0.064 

0.060 

0.068 

a066 

a066 

0.0B8 

It  will  be  observed  that  this  amount  does  not  show  any  variation 
that  can  be  ascribed  to  the  period  of  lactation.  The  total  amount  is 
slightly  more  than  that  classed  as  albumin. 

RATIO  OF  PROTEINS  TO  OTHER  OONSTITUENT8. 

Table  12  also  gives  a  summary  of  the  relation  of  the  casein  nitrogen, 
albumin  nitrogen,  and  residual  nitrogen  to  the  total  nitrogen.  On 
the  average  81.4  per  cent  of  the  total  nitrogen  ia  present  as  casein, 
and,  as  already  pointed  out,  this  ratio  shows  but  little  variation 
during  the  lactation  period.  The  mtrojgen  determined  as  albumin 
varies  from  7  to  9  per  cent  of  the  total  and  the  residual  nitrogen 
averages  1 1  per  cent  of  the  total. 

Table  13  shows  the  relation  between  the  total  protein  and  the 
sugar.  We  find  that  the  ratio  of  the  sugar  to  the  total  protein 
increases  during  the  first  10  or  12  weeks,  reaching  the  maximum,  as  a 
rule,  in  the  third  month.  From  this  period  there  is  little  change  until 
the  ninth  month,  when  the  ratio  rapidly  becomes  narrower  to  the  end 
of  the  period.  This  change  is  brought  about  by  the  fact  that  the 
per  cent  of  sugar  remains  practically  constant,  while  the  total  protein 
changes  considerably  during  the  lactation  period.  The  data  given 
indicate  that  the  per  cent  of  sugar  does  not  follow  the  variation  of  the 
nitrogen  and  seems  to  bear  no  special  relation  to  it.  On  the  average 
there  is  found  1 .45  pounds  of  sugar  for  each  pound  of  protein. 

Table  13. — Average  ratio  of  sugar  to  total  protein^  by  4^week  periodt. 


talod. 

Total 
inotain. 

Sugar. 

Ayen0B 

for?^ 

JetBsyB, 

AT€faflB 

forS 

Hol- 

stalns. 

Avcrasa 
flar2 
Ayr- 

shra. 

•or  7^ 
BborU 

hOfllB. 

AvHan 
tor 

UOOIVB. 

1 

2 

3 

4. 

6. 

«• 

7 

8. 

9 

10 

U...... 

12 

18 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

I.  BO 
1.48 
1.41 
1.43 
1.87 
1.84 
1.29 
1.80 
1.28 
1.22 
1.22 
1.19 

1.44 
1.09 
1.00 
1.01 
1.07 
1.02 
1.64 
1.60 
1.49 
1.80 
1.24 
1.10 
1.18 

1.47 
1.64 
1.08 
1.81 
1.68 
1.86 
1.66 
1.08 
1.42 
1.94 
1.46 
1.89 

1.68 
1.00 
1.74 
1.67 
1.40 
1.49 
1.45 
1.89 
1.17 
1.06 
1.11 

1.47 
1.68 
1.08 
1.66 
1.60 
1.46 
1.60 
1.45 
1.82 
1.22 
1.28 
1.22 
1.18 
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FAT. 

Table  14  gives  the  per  cent  of  fat  for  each  cow  by  4-week  periods, 
and  the  same  is  shown  graphically  in  figures  1  to  11.  Figure  12  indi- 
cates the  average  change  in  the  pef  cent  of  fat  for  the  11  cows.  An 
examination  of  the  weekly  tables  in  the  appendix  will  show  wide 
variations  with  individuals  and  at  different  periods.  Leaving  these 
minor  variations  out  of  consideration,  the  normal  variation  during  the 
lactation  period  may  be  studied. 

The  data  in  the  table  show  that  there  is  a  decline  in  fat  during  the 
first  3  months,  followed  by  a  period  of  from  4  to  5  months  with  little 
change.  From  this  point  on  to  the  end  of  the  lactation  period  the 
fat  increases  rapidly,  reaching  the  maximum  at  the  close.  The  results 
from  practicaUy  every  cow  agree  with  this  general  statement.  It  is 
generally  recognized  that  as  a  rule  the  milk  becomes  richer  in  fat 
toward  the  end  of  the  lactation  period,  but  an  error  is  conunonly  made 
in  assuming  that  this  change  is  a  gradual  one  from  near  the  beginning 
of  the  TTiilking  period.  On  the  contraiy,  there  is  little  increase  in  the 
per  cent  of  fat  as  a  rule  until  that  period  is  reached — ordinarily  within 
2  months  of  the  end  of  the  lactation  period — ^when  a  rapid  decline 
begins  in  the  quantity  of  milk  produced. 

There  are  several  factors  that  influence  the  per  cent  of  fat  in  milk 
as  consistently  as  does  the  stage  of  the  lactation  period,  and  these 
factors  may  even  entirely  overbalance  the  usual  effect  of  advancing 
lactation.  One  of  the  authors  has  recently  called  attention  to  two 
factors  that  have  such  an  influence.  One  of  these  is  a  variation  that 
occurs  with  the  season,^  which  tends,  in  this  climate  at  least,  to  cause 
a  low  per  cent  of  fat  in  the  middle  of  the  summer  and  a  higher  in  early 
winter  regardless  of  the  date  of  the  beginning  of  the  lactation  period. 
The  other  is  the  influence  of  the  physical  condition  of  the  animal.' 
If  the  animal  carries  a  large  amount  of  body  fat  at  calving  time,  her 
milk  during  the  first  few  weeks,  when  the  body  weight  is  declining 
from  the  absorption  of  fat  from  the  body,  will  contain  more  than  the 
normal  amount  of  fat  for  that  particular  animal.  This  latter  is  prob- 
ably the  explanation  of  the  decline  in  fat  observed  in  Table  14,  which 
gives  the  results  for  the  1 1  cows  used  in  this  investigation. 

There  is  in  general  some  relation  between  the  amount  of  milk  and 
the  per  cent  of  fat.  When  there  is  a  sudden  decline  in  the  amount 
of  milk  secreted  for  any  reason,  as,  for  example,  during  sickness  or  on 
account  of  the  animal  having  been  moved  to  strange  surroundings, 
the  per  cent  of  fat  with  few  exceptions  increases  sharply.    The  same 

1  Eckles,  C.  H.  JahresEdtliohe  Schwankimgen  des  proaenttachea  Fettgehaltes  in  Euhmlloh.  If  Qoii- 
wirtadiaftliches  Zentnlblatt,  toI.  6,  No.  11,  pp.  489-602.   L«ipslg,  November,  1900. 

sEcUeSfC.H.  The  Infloence  of  the  tfttness  of  oow  at  pertoritlon  on  per  cent  of  tet  In  milk.  ICiasouri 
Xzperiment  Station  BnUetln  100.    Columbia,  Ko. ,  1913. 

68223*»— BuU.  16^-13 i 
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holds  true  in  the  rapid  decline  that  occurs  in  the  last  portion  of  the 
lactation  period.  When  the  decline  in  milk  secreted  is  gradual,  as  is 
the  case  during  the  middle  part  of  the  lactation  period,  there  is  no 
special  tendency  for  the  per  cent  of  fat  to  increase.  However,  while 
it  is  safe  to  make  this  general  statement  concerning  the  influence  of 
the  period  of  lactation  when  conditions  are  normal  and  when  a  suffi- 
cient number  of  animals  are  included  to  eliminate  minor  variations, 
it  must  be  borne  in  mind  that  individiial  animals  such  as  are  found 
in  commercial  dairies  may  divei^e  widely  from  this  general  rule  owing 
to  other  factors  or  combinations  of  factors  which  exert  a  greater 
influence. 

Table  14. — Average  per  cent  of  fat  for  each  cow,  and  breed  average,  by  4-tDeek  periods. 


Cow  No. 


4... 
99.. 
118. 


Average  for  Jeneys. 


206. 
206. 
209. 


Average  for  Holsteins.... 


900. 
301. 


AvOTage  for  Aynhires. . 


400. 
402. 
403. 


P.rf, 
6.17 
6.22 


6.20 


8.24 
8.07 
8.12 


P.Ct. 
4.63 
4.79 
6.31 


4.91 


3.14 


4.01 
8.87 


3.94 


Average  for  Shorthorns. . . . 
Grand  total  average. 


4.12 
4.66 

8.68 


4.06 


8.14 
2.88 
2.60 


2.87 


8.61 
8.741 


8.68 


4.09 
4.17 
8.38 


8.88 


4.00  3.86 


P.Ct 
6.07 
4.43 
6.56 


6.02 


8.02 
2.68 
2.74 


8.38 
8.81 


8.99 
8.97 
8.18 


8.71 


8.79 


& 


PM. 

4.86 
4.40 
6.11 


4.79 


8.26 
2.84 
8.24 


2.78  8.11 


8.861 
8.81 


8.60  8.69 


8.66 
8.80 
8.16 


8.54 


8.77 


P.Ct, 

4.81 
4.33 
6.51 


4.88 


8.29 
2.89 
8.14 


8.11 


3.32 
4.08 


3.70 
8.84 
8.14 


8.56 


8.82 


OQ 


P.Ct 

6.00 
4.22 
6.71 


4.98 


8.06 
8.06 
2.81 


2.98 


8.26 
8.78 


8.70  3.62 


8.60 
8.92 
8.13 


3.68 


3.79 


P.rt. 

4.73 
4.36 
6.09 


4.93 


8.26 
2.88 
2.94 


3.03 


3.80 
8.96 


8.63 


8.85 
3.98 
3.23 


3.09 


3.83 


I 


P.Ct. 

4.61 
4.18 
6.80 


4.83 


8.25 
8.00 
3.01 


8.09 


3.53 
8.94 


3.74 


8.73 
8.90 
8.55 


8.73 


3.85 


I 


P.Ct. 
4.73 
4.63 
6.17 


4.84 


8.15 
8.00 
8.01 


8.06 


3.74 
8.67 


3.71 


4.06 
4.67 
3.85 


4.19 


8.97 


I 


P.Ct. 

5.18 
4.98 
4.47 


8.31 
8.09 
8.52 


8.31 


4.52 
8.68 


4.06 


4.16 
4.42 
4.00 


4.19 


4.11 


H 


P.Ct 


5.62 
4.83 


6.23 


8.31 
3.40 
8.46 


8.39 


4.92 


4.92 


4.17 
4f65 


4.11 


4.22 


P.eL 


6.07 
6.28 


6.68 


8.49 


8.90 


8.70 


8.96 


8.96 


4.54 


P.Ct. 


6.48 


6.48 


8.68 


6.28 


4.48 


4.18 


4.18 


4.66 


P.efc 


6.47 


6.47 


8.68 


8. 68 


5.08 


RELATION  OF  FAT  TO  OTHEE  CONSTrrUENTS. 

An  examination  of  the  data  and  the  curves  will  show  a  similarity 
between  the  variation  in  the  total  protein  and  in  the  fat.  While 
sudden  variations  in  fat  content  from  one  milking  to  another  are  not 
accompanied  by  corresponding  variations  in  the  total  protein,  yet 
when  the  fat  is  permanently  increased  the  protein  is  almost  certain 
to  be  increased  in  the  same  proportion.  While  the  ratio  of  fat  to 
protein  varies  with  individuals  and  breeds,  it  varies  but  little  with 
the  same  individual  from  month  to  month. 
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Table  i5  is  a  summary  of  the  influence  of  the  stage  of  lactation  on 
the  fat,  and  the  relation  of  the  fat  to  total  protein  and  casein.  It 
will  be  observed  that  this  ratio  is  fairly  uniform.  As  compared  to 
the  average  the  total  protein,  as  well  as  the  casein,  is  low  in  the  begin- 
Tiing  in  proportion  to  the  fat,  and  increases  gradually  imtil  it  reaches 
the  maximum  near  the  end  of  the  lactation  period.  This  results  from 
the  fact  that  the  total  protein  increases  more  during  the  progress  of 
the  lactation  period,  especially  during  the  last  four  months,  than 
does  the  fat.  On  the  average  there  is  0.86  pound  of  total  protein 
and  0.71  pound  of  casein  for  each  pound  of  fat.  This  relation  is  of 
interest  in  connection  with  the  buying  of  milk  for  cheese  making  and 
the  use  of  milk  for  food.  Figure  12  shows  that  the  total  protein  is 
influenced  more  by  the  stage  of  lactation  than  is  the  fat.  Even  at 
the  end  of  the  lactation  period  the  per  cent  of  fat  on  the  average  is 
only  20  per  cent  above  the  mean,  while  the  total  protein  increases  to 
30  per  cent  above  the  mean. 

Table  15. — Relation  of  total  protein  and  casein  to  fat,  averaged  by  4^week  periodB, 


FBriod. 

Fat. 

Total 

Caaelii. 

Parts 
pro- 
tein 
fori 
part 

Parts 

casein 

fori 

ST 

Period. 

Fat. 

Total 
pro- 
tein. 

Casein. 

Parts 
pro- 
tein 
fori 

Parts 

casein 

fori 

part 

fat. 

1 

Peret. 
4.00 
3.86 
3.79 
3.77 
8.82 
3.79 
3.83 
3.85 

Peret. 
3.25 
3.06 
3.06 
3.13 
8.25 
3.26 
3.32 
3.32 

Peret. 
2.68 
2.36 
2.49 
2.49 
2.62 
2.68 
2.68 
2.74 

0.81 
.79 
.81 
.83 
.86 
.86 
.87 
.86 

0.67 
.61 
.66 
.66 
.09 
.71 
.70 
.71 

9 

10 

11 

12 

13 

14 

Average. 

Peret. 
3.97 
4.11 
4.22 
4.54 
4.66 
6.08 

Peret. 
3.67 
3.83 
3.89 
4.08 
4.34 
4.08 

Peret. 

2.87 
8.06 
3.19 
3.38 
3.04 
3.70 

0.90 
.93 
.92 
.90 
.93 
.80 

0.72 

2 

.74 

3 

.78 

4 

.74 

6 

.78 

6 

.78 

7 

8 

4:09 

3.53 

2.90 

.86 

.71 

Table  16  shows  the  relation  between  the  fat  and  the  sugar  as 
influenced  by  the  stage  of  lactation.  It  will  be  observed  that  from 
the  first  period  to  the  second  and  third  there  is  some  increase  in  the 
ratio.  The  columns  giving  the  amount  of  sugar  and  fat,  however, 
show  that  this  is  due  not  to  an  increase  in  the  sugar  but  to  a  decrease 
in  the  fat. 

The  ratio  remains  practically  the  same  from  the  second  to  the 
eighth  period,  after  which  it  becomes  considerably  less,  due  to  some 
decline  in  the  amount  of  sugar  and  an  increase  in  the  per  cent  of  fat. 
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Tablb  16.— Relation  o/mgar  to  fat,  averaged  by  i-week  periodi. , 


Period. 

Fat 

Sugar. 

Parts 
sugar  for 

Period. 

Fat. 

Sugar. 

Parts 
sugar  for 

1                 

Percent. 
4.00 
3.85 
3.79 
3.77 
3.82 
3.79 
3.83 
3.85 

Percent. 

4.87 
4.84 
4.94 
4.82 
4.80 
4.75 
4.88 
4.83 

1.22 
1.30 
1.36 
1.31 
1.29 
1.30 
1.32 
1.28 

9 

Percent. 
3.97 
4.11 
4.22 
4.54 
4.66 
6.08 

Percent, 
4.62 
4.65 
4.74 
4.91 
4.70 
5.01 

1.20 

2            

10 

1.13 

8                

11 

1.16 

4                

12 

1  la 

5                      

13 

1.0S 

A                     

14 

L06 

7 

Average 

8 

4.09 

• 

4.80 

1.22 

The  ratio  existing  between  the  fat  and  the  total  protein  is  sum- 
marized in  Table  17. 

Table  17.— iJafio  of  fat  to  total  protein,  averaged  by  4'^week  periodi. 


Total  pro- 
tein. 

Fat. 

Period. 

Average 
for  3  Jer- 
seys. 

Average 

for3Hol- 

steins. 

Average 

for  2  Ayr- 

shires. 

Average 

for3  8hortr 

homa. 

AveragB 
tor  11 

OOWSL 

1 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00. 
1.00 
1 

1.68 
1.49 
1.44 
1.38 
1.32 
1.35 
1.34 
1.32 
1.29 
1.24 
1.29 
1.31 

1.04 
1.08 
1.04 
1.13 
1.11 
1.06 
1.05 
1.07 
1.00 

.867 
.917 
1.07 

1.14 
L19 
1.17 
L15 
1.19 
1.10 
1.17 
1.18 
1.06 
1.06 

1.21 
L20 
1.21 
LU 
1.06 
1.06 
1.06 
1.03 
1.10 
1.04 
1.05 

1.22 

2 

1.94 

3 

1.22 

4 

1.90 

6 

L17 

6 

L14 

7 

L15 

8 

1.15 

0 

1.12 

10 

1.08 

11 

1.00 

12 

1.11 

13 

1.07 

14.                          

SUGAR. 

Table  18  gives  the  per  cent  of  sugar  by  4-week  periods  for  each 
cow,  also  an  average  by  breeds  and  for  the  11  cows.  The  curves  in 
figures  1  to  11  show  the  changes  in  the  per  cent  of  sugar  for  each 
animal  individually,  and  figure  12  illustrates  the  average  for  all  the 
cows.  The  statements  made  by  various  authorities  that  the  sugar 
is  the  least  variable  of  the  milk  constituents  except  the  ash  seems  to 
be  borne  out  by  the  data  here  presented.  The  per  cent  of  sugar  is 
strikingly  uniform  as  compared  with  the  protein  and  fat.  The  only 
change  that  can  be  observed  that  seems  to  be  brought  about  by  the 
stage  of  lactation  is  a  slight  decline  during  the  last  3  or  4  months  of 
the  period.  This  decline  is  marked  with  some  individuals,  while 
others  are  uniform  or  even  increase  slightly.  The  general  average 
as  weU  as  that  for  most  of  the  individuals  shows  a  slight  decline, 
which  seems  sufficient  to  justify  the  general  conclusion  that  the  sugar 
runs  practically  uniform  regardless  of  thd  period  of  lactation,  except- 


BESULTS  OF  THE  EXPEBIMENTS. 


53 


ing  that  a  decline  of  from  0.2  to  0.4  per  cent  may  be  looked  for  in 
most  cases  during  the  last  3  or  4  months.  The  increase  of  the  total 
solids  is  not  sufficient  to  account  for  this  decline.  If  the -results  are 
calculated  on  the  basis  of  the  water  content  the  same  small  decline  is 
found. 


Table  18. — Average  percentage  of  sugar  for  each  cow,  and  breed  average,  by  4'weeh 

periods. 


Cow  No. 


4 

99 

us 

ATCnigB  for  Jawys.. 


ao5. 

206. 
209. 


Average  for  Hotateins. 


aoo. 

801. 


Average  for  Ayrshires. 


400. 
402. 
403. 


Average  for  ShorthomB... . 
Grand  total  average. 


P.CL 
4.80 
4.94 


4.92 


4.09 
4.07 
4.40 


4.39 


6.14 
5.17 


5.16 


5.40 
4.77 
5.21 


5.13 


4.87 


GD 


PM. 

4.99 
5.15 
4.47 


4.87 


4.98 
4.49 
4.00 


4.49 


4,81 
4.72 


4.77 


5.06 
5.32 
5.22 


5.20 


4.84 


I 


P. a. 

4.87 
5.17 
4.70 


4.91 


4.84 
4.44 
4.17 


4.48 


4.64 
5.62 


5.13 


5.44 
5.09 
5.39 


5.31 


4.94 


o 


P.et. 
5.28 
5.05 
4.56 


4.96 


5.18 
4.12 
3.95 


4.42 


4.87 
5.16 


5.02 


5.13 
4.72 
5.00 


4.05 


4.82 


t 


P. a. 

5.12 
5.04 
4.83 


5.00 


5.42 
4.26 
4.42 


4.70 


4.96 
4.77 


4.87 


5.87 
4.55 

458 


4.67 


4.80 


e 

I. 


CO 


P.et. 
5.00 
4.50 
5.21 


4.90 


5.37 
4.04 
4.36 


4.59 


4.57 
3.95 


4.26 


4.96 
6.09 
5.16 


6.07 


4.75 


I 

00 


P.et. 
4.39 
4.62 
5.20 


4.70 


5.20 
4.74 
4.16 


4.70 


4.82 
5.38 


5.10 


5.06 
5.29 
4.98 


5.11 


«I.8S 


I 


P.et. 
4.45 
5.14 
5.40 


5.00 


4.76 
4.25 
3.94 


4.32 


5.08 
5.13 


5.11 


5.19 
4.73 
5.11 


5.01 


4.83 


t 


p.<t. 

4.67 
4.62 
4.57 


4.62 


5.10 
4.09 
4.43 


4.54 


5.13 
4.85 


4.99 


4.65 
4.61 
4.06 


4.45 


4.62 


t 

5 


p.et. 
4.60 
5.03 
4.73 


4.79 


5.12 
3.94 
4.62 


4.56 


4.39 

4.88 


4.64 


4.22 
4.31 
4.17 


4.23 


4.55 


I 

i 


P.et. 


5.02 
4.90 


4.96 


5.13 
4.50 
4.79 


4.81 


4.89 


4.89 


4.25 


4.47 


4.36 


4.74 


i 

i 


P.eL 


5.61 
4.72 


5.17 


5.02 


4.15 


4.59 


5.04 


5.04 


4.91 


P.et. 


4.46 


4.46 


4.89 
4.*36 


4.60 


5.13 


5.13 


4.50 


I 


I 


P.et, 


5.22 


5.22 


4.81 


4.81 


5.01 


TOTAL   SOLIDS. 

Table  19  gives  the  total  solids.  The  stage  of  lactation  causes  much 
the  same  variation  with  the  total  solids  as  is  tound  with  the  fat  and 
protein.  First,  there  is  a  decline  of  about  one-half  per  cent  from  the* 
first  to  the  second  month.  From  this  time  on  to  the  eighth  or  ninth 
month  there  is  little  change.  The  rapid  decline  in  milk  during  the 
last  3  months  of  the  lactation  period  is  accompanied  by  a  marked 
increase  in  the  total  soUds.  This  general  statement  holds  good  for 
each  of  the  1 1  animals  used  in  the  investigation. 
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Table  19. — Average  per  cent  of  total  iolids,  for  eadi  cow  and  breed  average,  by  i^wedt 

periods. 


Cow  No. 


4 

99 

118 

Average  for  Jerseys 


206 

206 

Average  for  Ilolsteins. 


300. 
301. 


Average  for  Ayrshires. . . . 


400. 
402. 
403. 


AvOTage  for  Shorthorns 

Grand  total  average. 


P.ct. 
14.13 


14.13 


11.74 
10.95 
11.24 


11.31 


13.14 


13.71 
13.74 
12.85 


13.43 


12.74 


e 


P.et, 


13.09 
14.06 


13.50 


H.58 
10.10 
10.23 


10.64 


13.0712.27 
13.2012.60 


12.39 


13.29 
13.29 
12.16 


12.91 


12.26 


P.d. 


13. 
14.56 


3013 


13.93 


11.70 
10.18 
10.63 


10.84 


12.14 
12.67 


12.36 


13.05 
13.07 
11.76 


12.62 


12.29 


o 


P.eL 
14.44 
.15 


13.80 


1L95 
10.27 
11.07 


11.10 


11.81 
12.64 


12.23 


12.48 
13.07 
11.66 


12.37 


12.24 


P.ct 

14.28 
12.92 


13.60 


12.11 
10.54 
11.15 


11.27 


11.66 
13.09 


12. 3S 


13.06 
13.16 
11.66 


12.69 


12.35 


IS 


P.ct 

13.87 
13.04 
16.30115.16 


P.ct 
14.15 
12.76 


14.07 


11.77 
10.73 
10.96 


11.15 


11.35 
12.86 


12.11 


13.05 
12.97 
11.65 


12.56 


12.60 


14.02 


11.96 
10.75 
11.20 


11.31 


11.38 
12.63 


12.01 


12.96 
13.02 
12.77 


12.92 


12.61 


P.eL 
13.77 
12.81 
15.61 


14.06 


12.16 
10.80 
11.23 


11.40 


12.15 
12.64 


13.08 
12.03 
12.62 


12.84 


12.70 


I 


P.ct. 

13.63 
13.35 
14.79 


I 


P.ct. 

14.57 
14.27 
14.45 


13.9214.43 


11.05 
11.01 
11.68 


11.61 


12.56 
12.49 


12.4012.53 


13.03 
13.  SI 
12.38 


13.07 


12.78 


12.20 


13.85 
11.78 


12.82 

12.43 
13.94 
12.90 


13.09 


13.16 


H 


P.ct. 


15.15 
14.42 


14.79 


12.12 

11.9013.30 

12.68 


12.83 


13.55 


13.56 
12.84 


13.19 


13.02 


P.ct. 


16.08 
15.08 


15.68 


12.2012.60 


12.9913.61 


13.01 


13.04 


13.04 


13.4614.04 


P.CL 


16.1017.16 


16.10 


13.04 


14.62 


13.78 


13.27 


13.27 


14.23 


o 


p.ct. 


17.16 


13.42 


13.42 


15.29 


Table  20  shows  the  average  per  cent  of  the  total  solids  found  as 
protein;  casein,  albumin,  fat,  and  sugar,  and  the  effect  of  the  stage 
of  lactation  on  this  relation.  The  per  cent  of  the  total  solids  as  ash 
is  given  for  the  general  average  only.  On  the  average  the  total  pro- 
tein represents  27  per  cent  of  the  total  solids,  and  at  the  end  of  the 
lactation  period  constitutes  about  3  per  cent  more  than  at  the 
beginning. 

The  casein  increases  slightly  more  than  the  total  protein  in  per 
cent  of  the  total  solids.  On  the  average  this  constituent  makes  up 
32.1  per  cent  of  the  total  solids.  Thd  albumin  averages  2.3  per  cent 
of  the  total  solids  and  shows  a  decline  in  relation  to  the  total  solids 
at  the  end  of  the  lactation  period. 

The  fat  represents  31.3  per  cent  of  the  total  solids  and  shows  a 
smaU  variation  during  the  lactation  period  in  the  way  of  an  increase 
of  about  2  per  cent  of  the  total  solids  near  the  end  of  the  lactation 
period. 

The  sugar  represents  37  per  cent  of  the  total  solids  on  the  average. 
The  ratio  is  quite  uniform  until  about  the  ninth  month,  when  a  decline 
begins  which  continues  until  the  end  of  the  lactation  period.  In  the 
beginning  the  sugar  constitutes  38.2  per  cent  of  the  total  solids,  and 
in  the  fourteenth  period  32.8  per  cent.  The  sugar,  aa.  already  shown, 
remains  practically  constant  until  near  the  end  of  the  milking  period, 
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when  it  declines  somewhat.  At  the  same  time  the  other  solids  in- 
crease rapidly.  As  a  result  the  ratio  of  the  sugar  to  total  nitrogen 
drops  to  a  marked  degree. 

The  ash,  which  shows  practically  no  variation  in  amount  during 
the  lactation  period,  represents  on  the  average  5.3  per  cent  of  the 
total  solids. 

Table  20. — Average  per  cent  of  total  solids  in  the  milk,  and  percentage  as  protein^  casein^ 

alhumin^fat,  sugar,  and  ash,  by  i-week  periods. 


Period  No. 


1 

3 

8 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

AYsnige 


Total 
solids. 


Percent, 
12.74 
12.20 
12.29 
12.24 
12.36 
12.50 
12.61 
12.70 
12.78 
13.16 
13.46 
14.04 
14.23 
15.20 


13.06 


Water. 


PereenL 

87.74 
87.71 
87.76 
87.65 
87.50 
87.39 
87.30 
87.22 
86.84 
86.55 
85.96 
85.70 
84.71 


86.95 


Per  cent  of  solids 


Protein. 


Percent. 
25.5 
24.9 
24.9 
25.6 
26.3 
2D.0 
26.3 
26.1 
27.9 
29.1 
28.9 
29.0 
30.4 
26.7 


27.0 


Caaeln. 


Percent. 
21.0 
19.2 
20.3 
20.3 
21.2 
21.4 
21.3 
21.6 
22.5 
23.2 
23.7 
24.1 
25.6 
24.2 


22.1 


Albumin. 


Percent. 
2.35 
2.34 
2.07 
2.06 
2.12 
2.14 
2.17 
2.11 
2.20 
2.33 
2.47 
2.54 
2.06 
1.88 


2.20 


Fat 


Per  cent. 
81.4 
31.4 
30.8 
80.8 
80.9 
80.3 
30.4 
80.3 
81.1 
31.2 
81.4 
82.3 
32.8 
83.2 


31.3 


Soger. 


Percent. 
38.2 
39.5 
40.2 
39.4 
38.9 
38.0 
38.7 
38.0 
36.2 
34.6 
35.2 
35.0 
33.0 
32.8 


37.0 


Ash. 


Percent. 


5.3 


BELAITVE   SIZE  OF  FAT  GLOBULES. 

Table  21  gives  the  relative  size  of  the  fat  globules  for  each  coW;  and 
figure  13  shows  the  average  for  the  11  cows  expressed  graphically. 


Flo.  13.— Relative  sixe  of  f^t  globules  as  infliienoftd  by  stage  of  lactation.    (1)  First  4-week  period;  (2)  fifth 
4-week  period;  (3)  ninth  4-week  period;  (4)  thirteenth  4-week  period. 

A  determination  such  as  this  necessarily  lacks  the  exactness  of  a 
determination  like  that  for  fat  or  nitrogen.  However,  3  tubes  were 
prepared  from  each  sample  and  3  readings  taken  from  each  tube 
according  to  the  method  given.  An  average  of  these  9  distinct 
counts  for  each  sample  reduces  the  variation  to  a  minimum,  and  the 
further  average  of  4  separate  samples,  as  given  in  the  table,  should 
give  consistent  results.  It  may  be  observed  that  the  fat  globules 
are  especially  large  shortly  after  the  beginning  of  the  lactation  period. 
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An  examination  of  the  weekly  analyses  in  the  Appendix  will  naake 
the  extent  of  the  variation  in  size  of  fat  globules  clearer.  It  will  be 
seen  that  in  every  case  the  cows  began  their  lactation  period  with  fat 
globules  in  rdative  size  about  twice  the  average  for  the  milking 
period*  The  relative  size  declines  sharply  during  the  first  six  weeks^ 
remains  fairly  constant  for  five  or  six  months,  after  which  the  decline 
is  much  more  rapid  to  the  end  of  the  lactation  period. 

It  should  be  borne  in  mind  that  the  relative  size  represents  com- 
parative volume  and  not  diameter.  To  represent  the  comparative 
diameters  of  the  globules  it  is  necessary  to  extract  the  cube  root  of 
the  figures  representing  the  relative  size.  ' 

In  figure  13  the  circles  represent  the  comparative  diameter  of  the 
average  fat  globules  as  found  for  the  11  cows  during  the  first,  fifth, 
ninth,  and  thirteenth  4-week  periods. 

Table  21.— RelaHve  nse  of  fat  gMmUs  in  mUk  ofeadi  eoio^  and  breed  average,  by  4^week 

periodi. 


Cow  No. 


4... 
OB.. 
118. 


808 


ATCngB  for  JefB8]rs. 


206. 

aod. 

909. 


Ayerage  for  Hobtoins. 


800. 

801. 


Avcngo  for  Ajrrshires . 


400. 
402. 
403. 


ATBregB  for  SborttkomB... . . 
Grand  total  avenge. . 


242 


821 


656  830  825 


428  870  220 


1,280 


460  681 


147 


253  260 


130 


272 


236 


234 


185 


168 
180 


176 


442 

000 

867 


465 


603 
661 
808 


486 


857  401 


417 


871 


186 


148 
142 


146 


817 
804 
218 


274 
87g 


461 


148  147 
124  167 
186  138 


147 


185 
165 


245 
274 
183 


30H  334 


240| 


267 
264 
868 


206 


127 
184 
104 


122 


115 
165 


145  140 


260 
280 
134 


221 


266  200 


i 

I 


236 
840 
878 


82 

165 

80 


100 


133 
178 


200 
870 
801 


810  823 


107 

132 

08 


112 


168 


166  12X 


277  231 
232  271 


141 


217 


146 


216 


204  201 


818 
867 
334 


270 
836 


840  278 


06 

110 

00 


102  100 


80 
161 


107 
214 
147 


08 

06 

106 


76 
146 


116  111 


214 
213 
203 


186  210 


167 
200 
250 


00 
74 
70 


81 


120 
114 


122 


170 
103 
176 


263 
842 


212  808 


81 
70 
63 


146 


146 


104 


128 


182  161 


102  180 


815 
220 


272 


74   07 


03 


03 


162  118  166  110 


117  102 


76  118 


110 


110 


110 


It  seems  impossible  to  correlate  the  variation  in  relative  size  of  the 
fat  globules  with  the  variation  of  any  constituent  of  the  milk.  In 
the  early  part  of  the  milking  period  a  decline  in  the  per  cent  of  both 
fat  and  protein  is  accompanied  by  a  decline  in  the  size  of  the  fat 
globules,  while  at  the  end  of  the  lactation  period  the  fat  globules  are 
the  smallest  and  the  fat  and  protein  content  are  at  the  highest. 

It  might  be  reasonably  expected  that  the  relative  size  of  the  fat 
globules  would  bear  some  relation  to  the  physical  constants  of  the 
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fat.  TaUe  22  gives  the  average,  by  periods,  of  the  relative  size, 
melting  point,  iodin  number,  Reichert-Meissl  number,  and  saponifi* 
cation  niunber  in  order  that  such  a  comparison  may  be  made. 

The  melting  point  rises  as  the  relative  size  of  the  globules  decreases. 
The  change  in  the  former,  however,  is  not  great,  and  a  study  of  the 
weekly  analyses  shown  in  the  table  in  the  Appendix  fails  to  indicate 
any  special  relation  between  these  two  characteristics  in  particular 
samples. 

What  is  said  of  the  relation  of  the  relative  size  to  the  melting  point 
may  also  be  said  of  its  relation  to  the  iodin  number.  From  the  first 
period  to  the  second  the  iodin  drops  with  the  size  of  the  fat  globides, 
but  as  the  fat  globules  decline  toward  the  end  of  the  lactation  period 
the  iodin  number  goes  strongly  in  the  opposite  direction. 

The  Reichert-Meissl  number  declines  as  the  fat  globules  become 
smaller.  The  average  results,  as  shown  in  Table  22  and  in  figure  14, 
seem  to  indicate  a  correlation  between  the  size  of  the  fat  globules 
and  the  Reichert-Meissl  number.  An  examination  of  the  weekly  sam- 
ples from  the  table  in  the  Appendix  seems  to  bear  out  this  statement. 

Table  22. — RelatUm  of  size  of  fat  glohuJes  to  physical  constants  of  the  fat.^Average 

determinations  by  4'Week  periods. 


Period  No. 

Rela- 
tive 
8l£e. 

Melt- 
ing 
point. 

lodln 
num- 
ber. 

Relch- 

ert- 
MeisBl 
num- 

1)er. 

Sa- 
poni- 
fica- 
tion 
num- 
ber. 

1 

367 
307 
340 
386 
30O 
304 
301 

•c. 

81.78 
83.96 
83.83 
88.06 
83.38 
38.35 
83.33 

38.38 
81.68 
83.33 
8a  86 
31.86 
81.73 
33.96 

30.13 
37.40 
37.06 
36l46 
36.68 
36.40 
36.63 

383.7 
38a4 
38L0 
329.6 
339.3 
338.0 
336.7 

3 

3 

4 

6 

6 

7 

Period  No. 

Rela- 
tive 
sice. 

Melt- 
ing 
point. 

Iodin 

num- 

ber. 

Reioh- 
ert- 
Meiasl 
num- 
ber. 

8 

103 

1^ 

163 
163 
166 
110 

•c 

83.41 
33.51 
33.04 
34.67 
88.86 
36.48 

33.36 
34.66 
35w41 
86.46 
86.17 
80.33 

36.30 
24.23 
33.48 
32.24 
2a  20 
17.30 

0 

10 

11 

13 

13 

Sa- 
pon^ 
fica- 
tion 
num- 
ber. 


336.7 
326.6 
223.4 
223.8 
23a6 
316.6 


HELTINQ  POINT. 

Table  23  gives  details  regarding  the  meltmg  pomt  of  the  fat  for 
each  animal.  The  same  data  are  shown  graphically  in  figure  14. 
With  the  exception  of  the  last  end  of  the  lactation  period,  there  was 
but  little  change  in  the  melting  poiut.  The  table  in  the  Appendix 
gives  the  details  of  this  determination  by  weeks.  An  examination 
of  the  table  will  show  more  clearly  the  variation  that  occurs  at  the 
b^inning  and  end  of  the  lactation  period.  There  seems  to  be  no 
uniformity  in  regard  to  the  changes  that  are  foimd  ui  the  melting 
point  during  the  first  few  weeks  of  the  lactation  period.  With  three 
of  the  animalfl — ^namely,  Nos.  301,  118,  and  99 — there  is  a  decided 
increase  in  the  melting  point  from  the  first  to  the  third  week.  With 
Nos.  205,  206,  300,  and  400  there  is  a  decided  decline  for  the  same 
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period,  while  the  remainmg  4  show  practically  no  change.  The 
averages  of  all  the  cows  by  4-week  periods  show  an  increase  from  the 
first  to  the  second  period.  These  variations  in  the  melting  point  at 
this  time  can  not  be  attributed  to  the  feed,  since  that  was  uniform. 
It  is  probable  that  the  explanation  lies  in  the  extent  to  which  fat 
was  taken  from  the  animal's  body  to  supply  that  produced  in  the 
milk. 

It  has  been  found  in  other  investigations  not  as  yet  reported  that 
when  an  animal  on  account  of  insufficient  feed  declines  rapidly  in 
weight  due  to  fat  being  removed  from  the  body  to  support  milk 
production,  the  melting  point  of  this  fat  is  raised,  indicating  that  it 
has  some  of  the  characteristics  of  body  fat.  We  also  find  that  the 
fat  produced  during  the  first  few  days  of  the  lactation  period,  during 
the  stage  before  the  milk  is  ordinarily  used  for  food,  always  has  an 
unusually  high  meltii^  point.  It  is  also  possible  that  these  varia- 
tions in  the  melting  point  during  the  first  week  are  influenced  by  the 
length  of  interval  that  elapsed  before  beginning  the  sample.  The 
date  of  beginning  the  samples  was  governed  by  the  condition  of  the 
cow,  the  plan  being  to  begin  as  soon  as  the  milk  was  deemed  suitable 
for  food  purposes.  In  some  cases  the  time  that  elapsed  before  the 
sampling  was  begun  was  only  5  days  and  in  others  as  high  as  10  days. 

After  the  first  3  weeks  very  little  change  is  noted  in  the  melting 
pomt  until  that  point  in  the  lactation  period  is  reached  when  the 
milk  flow  declines  very  rapidly  and  when  all  the  constituents  show  a 
decided  tendency  to  change.  This  occurred  at  about  2  months 
before  the  end  of  the  lactation  period.  In  several  cases  the  melting 
point  rose  as  much  as  6^  during  the  last  5  weeks,  the  most  extreme 
figure  being  that  for  cow  No.  205,  where  the  melting  point  reached 
62.9^  C,  while  the  average  figure  for  the  same  cow  was  about  33^  0. 

It  is  impossible  to  say  what  changes  take  place  in  the  composition 
of  the  fat  that  result  in  this  rapid  rise  in  the  melting  point  near  the 
end  of  the  lactation  period.  It  is  accompanied  by  a  high  iodin 
number  and  an  especially  low  Reichert-Meissl  number.  An  examina- 
tion in  detail  of  the  weekly  analyses  in  the  Appendix  indicates  that 
in  most  cases,  for  example,  with  cow  No.  205,  an  extremely  high 
melting  point  is  associated  with  an  unusually  low  Reichert-Meissl 
and  saponification  nmnber  and  a  correspondingly  high  iodin  number. 
This  indicates  that  the  decline  in  volatile  acids,  which  have  a  very 
low  melting  point  compared  with  the  other  fats,  far  more  than  offsets 
the  increase  in  olein  indicated  by  a  high  iodin  number,  which  would 
tend  to  lower  the  melting  point.  On  the  whole,  the  melting  point 
seems  to  be  little  affected  by  the  period  of  lactation  when  the  feed  is 
kept  uniform,  except  at  the  extreme  end,  when  abnormally  high 
results  may  be  expected. 
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BEFRACTITE    INDEX. 

The  refractive  index  of  the  fat  was  determined  as  mentioned  with 
the  2jeiss-Abbe  refractometer  under  stand&fd  conditions.  This  deter- 
mination was  continued  through  the  entire  lactation  period  of  5  of 
the  animals,  and  a  number  of  determinations  were  made  from  sam- 
ples representing  the  milk  of  the  others,  llie  results  show  a  decided 
uniformity  tmder  all  conditions.  The  determinations  were  finally 
dropped,  since  the  variations  found,  due  to  the  stage  of  lactation, 
were  too  smaU  to  be  of  any  importance.  The  only  variation  that  the 
data  show  at  all  is  a  slightly  higher  index  in  most  cases  during  the 
first  2  or  3  weeks  of  the  lactation  period  than  was  found  during  the 
remainder.  We  found  no  tendency  for  the  refractive  index  to  change 
during  the  last  few  weeks  of  the  lactation  period,  as  was  found  to  be 
true  of  nearly  every  constituent  of  the  milk,  and  also  all  the  physical 
constants  of  the  fat. 

BEICHBBT-HBI88L  NCUBBB. 

Hie  Reichert-Meissl  number,  or  the  volatile  acid  determination,  is 

considered  one  of  the  most  important  of  the  physical  constants  in 

connection  with  butterfat.    The  results  of  this  determination  by 

'  4r-week  periods  are  found  in  Table  24  and  are  shown  graphically  in 
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figure  14.  In  general  there  is  quite  a  uniform  decline  from  the 
beginning  of  the  lactation  period  to  the  end,  although  this  fluctuates 
with  individual  animals,  as  will  be  seen  by  inspecting  the  figures  in 


FiQ.  14.— Variations  in  fat  obanotan  at  end  af  eaeh  4-w«ek  yeriod. 

detail.    By  eliminating  these  variations  there  ia  a  marked  decline 
with  the  advance  in  period  of  lactation. 

The  total  number  of  determinations  made  was  484;  the  lowest  was 
6.10  and  the  highest  33.38.  The  statement  below  shows  the  distribu- 
tion of  these  determinations  from  the  lowest  to  the  highest  and  the 
per  cent  of  the  whole  number  that  come  within  limits  of  5. 

Ftfoent 

Between  5  and  10 0. 8 

10  and  15 2.2 

15  and  20 4.5 

20  and  25 33.9 

25  and  30 50.2 

30  and  35 8.2 

Fifty  per  cent  of  the  total  number  come  between  25  and  30,  while 
7.6  per  cent  of  the  total  number  come  below  20.  Bichmond  con- 
siders butter  with  a  Beichert-Meissl  number  less  than  25  suspicious^ 
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and  suggests  that  this  number  be  adopted  as  the  commercial  limit. 
He  also  says  that  the  absolute  lowest  limit  must  be  fixed  at  20.  The 
statement  given  shows  that  41.4  per  cent  of  the  determinations  made 
were  25  or  less,  while  7.5  per  cent  went  below  the  absolute  limit  as 
suggested  by  Richmond.^ 

The  low  figures  here  given  are  accounted  for  to  a  large  extent  by 
the  fact  that  the  cows  were  fed  entirely  on  dry  feed,  while  under 
conunerdal  conditions  fully  two-thirds  of  the  butter  on  the  market  is 
produced  from  animals  that  are  consuming  green  feed;  which  is'  as- 
sumed to  give  a  higher  Seichert-Meissl  number.  The  further  explana- 
tion of  the  large  number  of  low  determinations  is  the  fact  that  each 
sample  represents  an  individual  cow,  and  toward  the  end  of  the 
lactation  period  when  these  abnormal  samples  occur  the  production 
of  milk  and  fat  is  low.  As  a  rule  butter  that  comes  on  the  market  is 
a  mixture  of  fat  from  several  animals,  and  only  under  exceptional 
conditions  would  it  happen  that  all  were  at  such  a  stage  of  lactation 
as  to  give  such  an  abnormally  low  Reichert-Meissl  number.  How- 
ever, it  is  entirely  possible  that  such  figures  might  be  foxmd  where 
samples  of  butter  come  from  small  lots  made  from  a  limited  number 
of  cows,  and  this  possibility  should  be  taken  into  account. 

The  change  in  this  constant,  as  is  true  with  that  of  most  of  the 
others,  is  much  more  pronounced  near  the  close  of  the  lactation 
period,  when  the  decline  in  milk  production  is  rapid.  As  is  the  case 
with  the  melting  point,  variations  in  the  Reichert-Meissl  number 
during  the  first  5  or  6  weeks  of  the  lactation  period  is  irregular.  In 
some  cases  there  is  a  marked  increase  and  in  others  a  great  decrease. 
The  cause  of  this  is  probably  to  be  explained  in  the  same  manner  as 
was  mentioned  in  connection  with  the  similar  variations  of  the  melting 
point — ^that  is,  on  account  of  the  difference  in  the  length  of  time  repre- 
sented from  the  date  of  calving  and  the  probability  that  in  some  cases 
the  animal  was  drawing  on  the  reserve  fat  of  the  body  and  using  it  in 
forming  milk  fat,  while  in  other  cases  this  was  not  done. 

The  Reichert-Meissl  number  is  more  affected  by  the  stage  of  lacta- 
tion than  any  other  of  the  physical  constants  with  the  exception  of 
the  relative  size  of  the  fat  globules.  The  marked  similarity  between 
the  curve  representing  these  two  will  at  once  attract  attention. 

^ ^ g .  .      .  

^Richmond,  Henry  Dnwp.   Dairy  ohemlstry.   London,  1800.   See  pb  382. 
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Tasib  2i.— Average  ReiAal'Mfml  ntanberfor  weft  ana,  and  breed  merage,  bff  4-vitek 


ATcngt  for  Jtmtji . . 


AvHaga  lor  H< 


AveragB  fbc  Bhorthoms 

Qnod  taUl  Bv«ng«. . . 


lODIN  NUMBER. 

The  iodin  nmnber,  or  HQbl  number,  was  determined  according  to 
die  official  method.  The  results  of  this  detennination  by  4-week 
periods  are  shown  in  Table  25.  The  average  resulta  for  11  cows  are 
illustrated  in  figure  14.  The  total  number  of  determinations  made 
was  473,  the  lowest  being  23.8  and  the  highest  49.4.  The  statement 
below  shows  how  these  detenninations  are  distributed  between  the 
minimum  and  maximum  variations.  It  will  be  seen  that  47.4  per 
cent  of  the  whole  lie  between  30  and  35,  and  93.8  per  cent  of  all  range 
between  25  and  40. 

Pdocnt. 

Between  20  and  25 0.4 

25  and  30 21.5 

30  and  35 47.4 

35  and  40 24.  9 

40  and  45 5. 4 

45  and  50 0.4 

With  the  beginning  of  the  lactation  period  we  find  the  same  irregular 
results  as  mentioned  in  connection  with  the  Reichert-Meisel  number 
and  the  melting  point.  With  8  of  the  cows  the  iodin  number  declines 
from  the  first  to  the  second  month  and  in  some  cases  the  change  is 
very  striking.  With  3  of  the  cows  the  change  is  the  reverse  from  the 
first  to  the  second  month.  The  lowest  point  for  the  lactation  period, 
according  to  the  general  average,  is  the  fourth  monthly  period,  after 


BBSULTS  OF  THB  EXFEBIMBKTS.  63 

which  there  is  &  slight  but  gradual  increase  until  to  within  2  or  3 
months  of  the  end  of  the  lactation  period.  The  iodin  number 
increases  as  a  rule  gradually  until  it  reaches  the  highest  point 
during  the  entire  lactation  period.  Since  the  iodin  number  repre- 
sente  the  olein,  which  is  a  soft  fat  with  a  low  melting  point,  it  would 
be  assumed  that  an  increase  in  this  constituent  of  the  fat  would 
result  in  a  decline  in  the  melting  point.  The  data  given,  however, 
show  that  in  nearly  every  case  the  reverse  is  true.  Even  where  the 
iodin  number  increases  from  an  average  of  around  33  to  42  or  43,  the 
melting  point  of  the  fat  during  the  same  period  with  some  ii.nimii.lH 
increased  as  much  as  15°. 

While  there  is  no  doubt  that  the  tendency  of  the  olein  is  to  tower 
the  meltii^  point,  its  inSuence  is  counteracted  by  the  stronger  influ- 
ence of  the  decline  in  the  amount  of  butyrin.  The  melting  point  of 
butyrin  is  far  below  that  of  olein,  and  it  therefore  has  a  more  marked 
effect  upon  the  melting  point.  The  amount  of  butyrin  or  butyric 
acid  is  indicated  closely  by  the  Eeichert-Meissl  nimiber,  and  in  all 
cases  a  high  melting  point  is  accompanied  by  a  low  Geichert-Meissl 
number,  indicating  that  while  a  high  olein  usuaUy  goes  with  a  high 
melting  point  the  butyric  acid  is  'at  the  same  time  abnormaUy  low. 
This  results  in.a  striking  increase  in  the  melting  point,  and  these  con- 
ditions are  found  mostly  in  the  extremes  of  Uie  lactation  period, 
eapeciaUy  near  the  end. 

Table  2S.—Avavge  iodin  nurrAtr  for  eadi  etm,  and  bretd  outrage,  by  4-imk  periodi. 
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8AFONIFI0ATION. 

The  saponification  or  Koettstorf er  number  was  determined  accord- 
ing to  the  regular  official  method.  Table  26  gives  the  results  of  this 
determination  by  4-week  periods  for  each  animal. 

A  total  of  488  determinations  of  the  saponification  number  were 
madC;  among  which  the  lowest  found  was  200.1  and  the  highest  252.3. 
The  figures  below  show  the  range  of  variation  expressed  in  percentage. 
About  81  per  cent  of  the  total  number  come  between  220  and  235. 

Fttoent. 

Between  200  and  210 1. 6 

210  and  215^ 2.2 

215  and  220 G.0 

220  and  225 20.4 

225  and  230 84.2 

230  and  235 2a0 

235  and  240 4.8 

240  and  245 L8 

245  and  250 L4 

260  and  255 .^ 0.2 

The  period  of  lactation  seemed  to  exert  a  uniform  effect  upon  the 
saponification  value  with  all  of  the  11  cows.  In  general  there  was 
an  almost  uniform  decline  from  the  beginning  to  the  end,  with  the 
exception  that  during  the  last  3  months  the  decline  was  most  marked. 
This  decline  coincides  closely  with  the  decrease  in  the  volatile  acids 
as  shown  by  the  Reichert-Meissl  number.  Such  a  decline  in  the 
saponification  number  would  be  expected  from  the  decline  in  the 
Reichert-Meissl  number,  since  the  low  molecular  weight  of  the  vola- 
tile acids  have  the  effect  of  holding  up  the  saponification  number,  and 
when  they  are  decreased  a  corresponding  decline  is  expefited.  This 
decline  is  so  consistent  and  so  uniform  that  it  may  be  safely  assumed 
that  it  is  a  natural  effect  of  the  period  of  lactation  and  may  be  looked 
for  to  show  most  in  the  last  end  of  the  lactation  period,  unless  there 
is  some  other  factor  to  iQterfere.  The  ratio  'between  the  saponifica- 
tion number  and  the  Reichert-Meissl  number  is  constant  throughout 
the  lactation  period,  which  indicates  that  it  may  be  a  readjustment  of 
the  proportions  of  the  higher  fatty  acids. 
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Tablb  26. — Average  taponification  number /or  each  eme,  and  breed  average,  by  i-vieeh 


Ash  detenamationa  were  not  made  oa  the  7-'day  samples;  they 
were  prepared  by  combining  4  of  these  weekly  composite  samples. 
The  total  ash  in  this  combined  sample  was  determined  according  to 
the  official  method.    The  results  may  be  seen  in  Tables  4  and  6. 

The  amount  of  ash  was  found  to  be  fairly  uniform  in  all  samples 
except  that  near  the  end  of  the  lactation  period  there  was  Bome 
increase,  which  seems  to  be  the  only  change  that  can  be  attributed 
to  the  stage  of  the  lactation  period.  Our  analyses  did  not  include  a 
determination  of  the  several  mineral  constituents,  which  is  of  equal 
if  not  of  greater  importance  than  finding  the  total  ash  present. 

However,  Dr.  August  Trunz,*  at  the  University  of  Halle  in  1903, 
conducted  a  very  careful  and  complete  investigation  concenung 
these  mineral  constituents  of  milk  as  affected  by  the  lactation  period, 
and  in  order  to  make  this  bulletin  more  complete  an  abstract  of  his 
work  is  herewith  incorporated.  Full  credit  is  given  Dr.  Tnmz  for 
this  work,  and  for  complete  details  reference  should  be  made  to  hia 
original  article.  Only  tiiat  part  of  his  work  which  has  to  do  directly 
with  the  ash  will  be  discussed,  although  in  his  original  paper  he 
includes  a  study  of  other  constituents. 

Dr.  Tnuu'e  inveetigBtioii  was  conducted  with  two  cows.  Cow  665  was  k  croai 
between  a  Simmenduler  and  a  Norderditnmracher.    She  vm  3)  yeani  old  at  the 
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beginniiig  of  the  expenxneat,  calved  December  25, 1901,  and  went  dry  November  8, 
1902.  She  waa  fed  no  regular  ration,  receiving  the  same  feed  as  the  rest  of  the  hord 
which  was  dianged  2  or  3  times  during  the  period.  The  other  cow,  No.  674,  was  a 
pure  Friesian.  She  was  7}  years  old  at  the  beginning  of  the  experiment,  calved 
January  14,  1902,  and  went  dry  December  6,  of  the  same  year.  Since  she  was  used 
for  the  production  of  baby  milk  her  ration  was  kept  uniform  throughout  the  year. 
She  received  the  following  ration  per  1,000  pounds  live  weight: 

Lucem  hay pounds. .  16 

Barley  straw do 8 

Oats do....  8 

Linseed do 1 

Wheat  bran do 2 

An  analysis  was  made  of  the  milk  from  each  milking  for  4  or  5  days  after  calving. 
After  this,  samples  were  taken  at  irregular  intervals  during  the  lactation  period. 
Altogether  30  samples  from  each  cow  were  analyzed.  The  total  percentage  of  ash 
was  determined  as  well  as  that  of  the  various  aeh  constituents,  which  included  KH}, 
Na/),  GaO,  MgO,  SO,,  PAi  CI,  and  FeA- 

For  the  crude  ash  determination  40  to  50  grams  of  the  milk  were  weighed  into  a 
platinum  difdi,  evaporated  to  dryness,  and  then  ignited  at  low  redness  until  a  per- 
fectly white  afih  was  obtained.  The  sample  of  aah  for  the  determination  of  the  indi- 
vidual constituents  was  obtained  by  evaporating  about  1  liter  of  the  milk  in  a  nickel 
dish  and  igniting  at  low  red  heat.  The  soluble  material,  consisting  largely  of  the 
alkaline  chlorid,  was  extracted  with  hot  water.  The  residue  was  then  ignited  at  a 
somewhat  higher  temperature.  Finally  the  two  parts  were  united  and  evaporated  to 
dryness  in  a  platinum  dish  and  then  cautiously  ignited  and  weighed.  The  aah 
secured  in  this  numner  was  preserved  in  corked  bottles  until  analyzed. 

For  the  determination  of  the  individual  constituents  2.5  grams  of  the  crude  ash  waa 
weighed  out,  acidified  with  hydrochloric  or  nitric  add,  and  made  up  to  250  c.  c. 
Then  50  or  100  c.  c.  of  the  filtered  solution,  corresponding  to  0.5  or  1  gram  of  ash,  was 
taken  for  analysis.  The  hydrochloric  acid  solution  was  neutralized  with  ammonia, 
treated  with  ammonium  acetate,  warmed,  the  iron  phosphate  filtered  off,  ignited  and 
weighed.    Half  of  this  was  considered  to  be  ferric  oxid. 

From  the  filtrate,  the  calcium  was  precipitated  as  calcium  oxalate  and  weighed  as 
the  carbonate  and  also  as  calcium  oxid  after  igniting  in  the  blast.  The  nuignesium 
was  precipitated  from  the  concentrated  filtrate  as  magnesium  ammonium  phosphate, 
and  after  ignition  weired  as  magnesium  prophosphate. 

In  another  100  c.  c.  of  the  solution  the  sulphuric  add  was  predpitated  as  barium 
sulphate  and  the  combined  alkalies  were  determined  in  the  filtrate  as  chlorids.  The 
potassium  was  then  determined  by  predpitation  as  potassium  platinic  dilorid  and 
this  calculated  to  potassium  chlorid,  subtracted  from  the  combined  chlorids  to  give 
the  percentage  of  sodium  chlorid. 

The  phosphoric  add  was  determined  by  the  molybdate  method  and  the  dilorin  by 
titration  against  ded-normal  silver  nitrate  solution. 

The  author  distinguishes  between  crude  and  pure  ash,  the  former  being  what  is 
usually  considered  as  milk  ash  and  the  latter  obtained  by  subtracting  from  the  crude 
aah  the  mineral  constituents  combined  with  the  proteids. 

INDIVmUAL  OOHPONENTB  OF  THE  ASH. 

Sodium  and  potasnum. — Sodium  and  potassium  imderwent  great  variations  in  the 
course  of  the  lactation  period.  In  the  colostrum  period  the  percentage  of  potassium 
was  lower  than  in  the  remainder  of  the  lactation  period,  the  first  milking  containing 
16.15  and  17.08  per  cent  of  Kfi  in  the  total  ash,  which  rose  to  26.87  and  26.94  per 
cent  at  the  time  of  the  greatest  secretion.  It  then  fell  slowly  till  the  last  two  months, 
then  rapidly  to  16.89  per  cent  and  13.92  per  cent  at  the  end. 
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Exduding  two  figures  which  are  abnormally  high,  the  percentages  of  Na20  show 
variations  from  3.24  per  cent  to  8.5  per  cent  of  the  total  ash  for  one  cow  and  from  4.32 
per  cent  to  8.56  per  cent  for  the  other.  The  tendency  is  for  it  to  decline  dmring  the 
first  half  of  the  period  and  then  rise  during  the  second  half. 

Calcium  atid. — Excluding  two  abnormal  figures,  the  calcium  oxid  varied  between 
23.88  per  cent  and  27.49  per  cent  for  one  cow  and  between  21.23  per  cent  and  25.78  i>er 
cent  for  the  other,  being  somewhat  higher  in  the  colostrum.  The  variations  were 
erratic  and  showed  but  slight  change  during  the  period. 

Magnenum  oxid. — ^The  magnesium  oxid  varied  from  4.52  per  cent  to  2.54  per  cent 
and  from  5.27  per  cent  to  2.51  per  cent,  &Jling  during  the  first  third  and  rising  from 
then  on  to  the  end  of  the  milking  period.  It  was  highest  in  the  first  milking  of  the 
colostrum. 

Chlorin, — ^The  chlorin  in  the  case  of  one  cow  remained  nearly  constant  during  the 
entire  period,  being  from  11.5  per  cent  to  12  per  cent.  In  the  case  of  the  other  it  rose 
from  11.86  per  cent  to  24.77  per  cent.  The  chlorin  content  of  the  crude  ash  and  of  the 
pure  aah  seemed  to  vary  somewhat  in  their  relation  to  each  other. 

Phosphoric  add. — In  the  case  of  the  two  cows,  the  crude  ash  of  the  colostrum  period 
contained  26.60  to  31.46  per  cent  and  28.28  to  31.45  per  cent  phsphoric  acid,  respec- 
tively. The  pure  ash  contained  a  somewhat  smaller  percentage,  24.02  to  26.97  per 
cent  and  22.25  to  28.36  per  cent,  respectively. 

With  one  cow  there  seemed  to  be  irregular  fluctuations  which  occurred  at  about  the 
time  of  the  changes  in  the  food.  The  cow  on  the  constant  ration  showed  a  gradual 
decline  from  an  average  of  30.36  per  cent  in  the  colostrum  period  to  25.58  per  cent  in 
the  last  4  months,  the  last  month  showing  a  P2O5  content  of  22.23  per  cent. 

Iron  and  sulphuric  add. — Iron  and  sulphuric  acid  were  determined  only  to  complete 
the  analyses.  They  occur  only  in  small  amounts  and  do  not  undergo  any  considerable 
variation  during  the  lactation  period.  Iron  makes  about  0.25  per  cent  to  0.5  per  cent 
of  the  ash,  and  SO3  about  1.5  to  2.5  per  cent. 

The  author  makes  a  distinction  between  the  total  nitrogen-contain- 
ing substance  and  the  tot%l  proteids,  as  will  be  noted  in  his  tables. 
He  determined  the  former  by  the  ordinary  Kjeldahl  method  and  the 
latter  by  precipitation  from  the  10-times  diluted  milk  by  the  addition 
of  15  to  20  c.  c.  of  a  solution  made  up  of  190  c.  c.  95  per  cent  alcohol, 
8  grams  25  per  cent  acetic  acid,  and  4  grams  tannic  acid. 

ADDITIONAL  DATA  FROM  FIVE  JERSEY  COWS. 

In  addition  to  the  data  from  the  11  animals  used  primarily  for  this 
investigation,  we  are  able  to  make  use  of  less  complete  data  from  5 
Jersey  cows  kept  under  somewhat  different  conditions.  These  5 
cowS|  which  were  registered  Jerseys,  are  designated  as  Nos.  4,  43,  63, 
62,  and  27.  The  conditions  under  which  these  animals  were  kept 
differed  from  the  11  animals  supplying  the  other  data  in  three  particu- 
lars, as  follows:  (1)  They  were  not  kept  on  a  uniform  ration  through- 
out the  milking  period;  (2)  they  were  maintained  at  uniform  weight; 
(3)  they  were  kept  farrow.  On  the  other  hand,  the  11  animals  used 
especially  in  this  investigation  were  fed  on  a  ration  of  uniform  compo- 
sition throughout  the  lactation  period ;  no  attempt  was  made  to  keep 
the  weight  uniform,  and  they  were  not  kept  farrow.  The  11  cows 
were  kept  under  what  would  be  considered  ordinary  commercial 
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conditions  with  the  exception  of  uniformity  in  the  ration.  The  5 
Jersey  cows  all  received  the  same  grain  nuxtm-e,  which  remained 
unchanged  throughout  the  entire  year.  During  the  greater  part  of 
the  year  they  were  fed  com  silage  and  alfalfa  hay,  while  for  some  3 
months  during  the  summer  season  the  com  silage  was  replaced  by 
green  alfalfa  and  green  com. 

Composite  samples  of  milk  from  the  5  Jersey  cows  were  prepared 
by  taking  a  definite  number  of  cubic  centimeters  of  milk  per  pound 
from  each.  These  composite  samples  covered  periods  of  1  month 
each  for  Nos.  63,  43,  and  4  and  10  days  each  for  Nos.  62  and  27. 
Tables  27  and  28  give  the  analyses  of  these  samples  and  the  average 
weight  of  the  animal  for  the  periods  represented. 

Tablb  27. — Data  for  5  additional  Jergey  eow9. — Determinations  for  3  oow9  from  oomr 

ponte  damples  taken  at  SO-day  periods, 

cow  NO.  68. 


Tbirty  days,  ending— 

Ifilk. 

Fat. 

Nitrogen. 

Sugar. 

Aflh. 

Average 
weighL 

Oct.  26 

Pcunde, 
i  500.2 
641.4 
679.0 
663.3 
623.6 
620.9 
600.0 
463.3 
470.6 
419.9 
420.1 
323.0 
•118.6 

Percent, 
6.90 
6.22 
6.60 
6.40 
6.43 
6.36 
6.60 
6.28 
6.77 
6.67 
6.20 
6.40 
6.66 

PacenL 
a69 
.72 
.69 
.67 
.70 
.70 
.70 
.68 
.66 
.68 
.66 
.60 
*.67 

PereenL 
4.70 
8.83 

Percent. 
0.778 
.780 
.741 
.740 
.741 
.771 
.796 
.744 
.713 
.707 
.684 
.703 
.696 

Pcmnie. 
960 

Nov.  24 '. 

940 

Deo.  24. 

941 

Jmi-  23 

4.08 
4.36 
4.60 
6.06 
4.60 
4.40 
4.10 
4.63 
8.66 
4.28 

945 

Feb.  22 

938 

y[iir  n 

941 

Apr.  22 

9S2 

May  22.. 

922 

Inmn,. 

939 

July  21 

959 

Aug.  20.. 

965 

Sept.  19 

974 

Oct.  2 

963 

COW  NO,  43. 


Oct  25.. 
Nov.  24. 
Dec.  24.. 
Jan.  23.. 
Feb.  22. 
lCar.23. 
Apr.  22., 
10^22.. 
Tune  21. 
July  21.. 
Aug.  20. 
Sept  28. 


«020.6 

4.60 

0.57 

6.30 

a  no 

776.4 

6.18 

.59 

6.45 

.770 

680.0 

6.42 

.66 

4.50 

.747 

674.8 

6.15 

.62 

4.66 

.615 

652.6 

6.86 

.56 

3.70 

.707 

669.6 

6.02 

.56 

4.10 

.712 

634.9 

5.20 

.65 

4.35 

.720 

616.6 

6.03 

.53 

4.60 

.728 

686.8 

480 

.66 

4.00 

.697 

619.0 

4.20 

.65 

4.78 

.664 

599.7 

4.20 

.67 

4.49 

.697 

«  500.8 

4.30 

.50 

8.89 

.609 

799 
811 
811 
803 
794 
808 
784 
792 
812 
812 
835 


COW  NO.  4. 


Nov.  24 

•  1,206.4 
631.6 
643.6 
623.2 
622.4 
624.3 
4513 
464.7 
489.9 
476.5 
426.1 
•  161.7 

6.18 
6.67 
6.80 
6.96 
6.97 
6.10 
6.72 
6.40 
6.17 
4.67 
6.00 
6.20 

a63 
.64 
.62 
.62 
.65 
.63 
.66 
.67 
.64 
.66 
.68 
.70 

4.97 
8.83 

a842 
.768 
.800 
.760 
.791 
.792 
.702 
.661 
.787 
.684 
.782 
.731 

801 

Dec  24. 

817 

Jan.  23 

814 

Feb.  22. 

4.00 
4.20 
4.70 
4.60 
4.10 
4.41 
4.36 
4.16 
4.36 

813 

Mar.  ^ 

814 

Apr.  22. 

807 

May  2? 

806 

June  21 

823 

July  21 

861 

Aug.  20 

837 

Sept  19 

%64 

Oct  5 

861 

>22daya. 


•  13  days. 


•  32  days. 


«34daya. 


•  48daya. 


•  16daya. 
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Table  28. — Data  for  5  additional  Jeney  cows — DeUrminationB  for  2  cows  from  com- 

potiU  samples  taken  at  10-day  periods. 


COW  NO.  62. 


Ten  days  ending— 

Milk. 

Fat 

Nitrogen. 

Sogar. 

Aah. 

Ayerage 
weigbL 

Oct.  15 

Pounde. 

116.9 

139.6 

147.3 

156.4 

150.2 

137.6 

135.2 

138.4 

134.9 

123.2 

119.4 

114.5 

112.0 

104.7 

104.8 

103.8 

98.8 

96.5 

87.9 

90.9 

84.4 

77.6 

72.6 

79.3 

73.0 

68.0 

65.5 

64.6 

56.2 

49.2 

46.6 

41.0 

Percent. 
5.14 
5.80 
5.20 
5.00 
6.30 
6.10 
6.60 
6.65 
6.10 
5.20 
5.60 
5.40 
5.55 
6.46 
6.30 
5.30 
6.20 
5.50 
5.10 
6.40 
4.95 
6.46 
5.30 
5.60 
5.30 
6.20 
6.30 
6.20 
5.20 
6.10 
5.00 
5.10 

Percent, 
0.63 
.63 
.63 
.62 
.62 
.63 
.63 
.63 
.65 
.62 
.62 
.63 
.62 
.66 
.66 
.65 
.63 
.64 
.66 
.60 
.58 
.64 
.61 
.60 
.62 
.64 
.63 
.60 
.69 
.68 
.60 
.60 

Percent, 
5.06 
4.85 
5.30 

Percent, 
0.763 
.764 
.761 
.770 
.765 
.760 
.761 
.708 
.768 
.700 
.760 
.767 
.754 
.759 
.700 
.712 
.735 
.778 
.786 
.720 
.657 
.837 
.800 
.916 
.723 
.732 
.665 
.718 
.686 
.6RR 
.000 
.688 

Pcunia. 
888 

Oct.  25 

883 

Nov.4 

Noy.l4 

882 

882 

NoY.24 

6.48 

884 

Dec.  4 

882 

Dec.l4 

8.93 
4.61 
4.55 
5.00 
4.23 
4.43 
8.03 
8.52 
6.18 
4.48 
8.88 
4.85 
4.61 
4.30 
5.00 
4.70 
4.40 
3.50 
4.60 
4.20 
4.40 
4.61 
4.58 
4.56 
4.60 
4.25 

880 

Bee.  24 

894 

Jan.  3 -r-w T 

806 

Jan.  13 : 

886 

Jim.  23... 

804 

Feb.  2 

806 

Feb.  12 

904 

Feb.  22 

903 

ICar.  3 

012 

Mar.  13 

906 

Mar.  23 

909 

Aiir.2 

007 

Apr.  12 

019 

Anr.  22 

913 

Hay  2 

910 

May  12 

010 

May  22 

919 

June  1 -  r  -.-- 

926 

Jnn«ll..,,,--  

924 

June  21 .  T  .  -  r  -  -  -  T  -  r 

923 

Julyl 

931 

029 

Jaly21 

911 

897 

Auc.  10 

884 

906 

COW  NO.  27. 


Oct  16 

1181.3 
292.6 
310.4 
826.5 
314.3 
289.2 
287.6 
288.0 
272.3 
274.9 
206.7 
240.5 
243.1 
234.6 
245.6 
243.9 
244.2 
235.0 
231.6 
242.3 
243.9 
236.6 
218.4 
222.2 
204.0 
191.1 
173.8 
194.3 
189.3 
182.8 
188.6 
182.2 
173.7 
184.9 
161.6 
162.6 
149.4 

4.20 
6.20 
6.60 
6.25 
6.30 
5.10 
6.60 
6.40 
6.10 
6.60 
6.10 
6.60 
5.80 
6.75 
6.60 
5.75 
6.70 
5.70 
6.60 
6.60 
6.60 
6.55 
5.60 
6.70 
6.00 
6.70 
6.70 
6.60 
6.40 
6.40 
5.00 
6.30 
6.70 
£.60 
6.60 
5.80 
6.00 

0.52 
.52 
.52 
.56 

.66 

.68 

.60 

.58 

.61 

.62 

.64 

.62 

.64 

.64 

.66 

.65 

.65 

.67 

.68 

.66 

.67 

.68 

.66 

.65 

.62 

.64 

.61 

.68 

.63 

.63 

.65 

.67 

.62 

.67 

.71. 

.70 

.69 

6.00 
4.70 
5.80 
5.00 

0.746 
.744 

.746 
.723 
.786 
.730 
.764 
.606 
.762 
.601 
.721 
.677 
.760 
.727 
.776 
.812 
.776 
.771 
.780 
.787 
.737 
.758 
.764 
.852 
.841 
.767 
.711 
.660 
.704 
.655 
.672 
.646 
.507 
.660 
.705 
.703 
.680 

024 

Oct  25 

867 

Nov.4 

840 

Noy.l4 

861 

Not.  24 

800 

Dec  4 

8.76 
4.40 
4.86 
5.03 
5.80 
4.80 
4.98 
4.83 
4.35 
5.08 
4.66 
8.90 
6.30 
4.96 
4.60 
4.00 
4.60 
4.60 

879 

Dec  14. 

873 

Dec  24 

861 

Jmi.  3.     

873 

Jan.  13 

865 

Jan.  33 

882 

Ptob.2 

865 

Feb.  13 

875 

Feb.  22.... 

872 

Mar.  3 

885 

Mar.l3 

883 

Mar. 23 ,. 

807 

Apr.  2 

888 

Apr.  12 

000 

Apr.  22 

903 

Ifoy2 

890 

May  12 '..'. 

903 

May  22 

914 

June  1 

924 

June  11 r . , 

4.70 
4.60 
4.67 
4.60 
4.80 
4.06 
4.60 
4.03 
4.68 
4.93 
3.79 
4.33 
4.35 

925 

Jane  21 

929 

Julyl 

926 

July  11 

932 

July  21 

899 

Joly31 

901 

Aug.  10 

906 

Al?ff.20 

928 

Ane.  30 

935 

8^0 

938 

8eptl9 

938 

Sept  29 

937 

Oct  9 

968 

>  Only  6  days. 
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EFFECTS  OF  MAINTAINING  THE   ANIMALS   AT  UNIFOBM  WEIGHT. 

This  group  of  5  cows  was  kept,  as  stated,  as  near  as  possible  at 
uniform  weight.  Each  animal  was  weighed  at  a  stated  hour  each 
day,  and  the  ration  increased  or  diminished  in  quantity  as  might  seem 
necessary  in  order  to  keep  it  at  a  stationary  weight.  However,  it 
is  impossible  with  a  heavy  milking  cow  to  prevent  the  weight  from 
declining  during  the  first  few  weeks  of  the  lactation  period.  It  will 
be  noticed  that  in  the  case  of  No.  27  there  was  a  considerable  decline 
at  this  time  and  a  smaller  decline  with  Nos.  43  and  63.  This  decline 
in  weight,  which  indicates  a  drawing  on  the  reserve  material  in  the 
body  for  milk  production,  may  be  reasonably  expected  to  exert  con- 
siderable effect  upon  the  composition  and  properties  of  the  milk,  and 
this  has  been  found  to  be  the  case.  Some  resulXs  of  it  are  noticeable 
in  the  tables  presented. 

POSSIBLE   VARIATIONS  DX7E  TO  THE   RATION. 

While  the  ration  given  these  animals  was  not  exactly  the  same 
throughout  the  lactation  period  and  varied  to  a  small  extent  as 
between  the  individuals,  it  is  not  believed  that  this  variation  was  of 
sufficient  extent  to  bring  about  any  large  change  in  the  composition 
of  the  milk  produced. 

EFFECT  OF  KEEPING  THE  COWS  FAREOW. 

Keeping  the  cows  farrow  might  be  expected  to  account  for  con- 
siderable variation  in  results  as  compared  with  the  1 1  cows  that  were 
developing  a  fetus  during  the  latter  part  of  the  lactation  period.  The 
tables  show  a  marked  uniformity  in  the  composition  of  the  milk 
throughout  the  lactation  period  with  each  of  these  animals.  This  is 
probably  accounted  for  by  the  reasons  given,  and,  furthermore,  with 
the  exception  of  No.  62  these  cows  were  all  still  producing  milk  at 
the  end  of  the  12  months  included  in  the  experiment.  If  the  period 
covered  by  the  investigation  had  continued  untU  the  cows  ceased  to 
produce  milk,  it  is  probable  that  there  would  have  been  more  change 
in  the  composition  of  the  milk.  Still,  with  No.  62,  where  the  data 
include  the  entire  lactation  period,  there  seems  to  be  little  change  in 
the  composition  of  the  milk  in  the  last  periods.  It  is  well  understood 
that  as  a  rule  an  animal  that  is  farrow  continues  to  produce  milk  for 
a  longer  time  than  one  that  is  pregnant. 

The  smaller  range  of  variation  in  the  composition  of  the  milk  dur- 
ing the  year  for  these  5  cows  as  compared  with  the  11  is  due  to  the 
fact  that  they  were  farrow.  The  per  cent  of  nitrogen  remains  prac- 
tically stationary  with  all  5  of  the  animals  with  the  exception  that 
in  the  case  of  No.  27  it  is  low  in  the  first  few  periods.    The  probable 
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cause  of  this  is  discussed  on  page  42.  The  per  cent  of  fat,  like  the 
nitrogen,  does  not  show  much  variation  during  the  lactation  period, 
there  being  no  noticeable  increase  even  at  the  end  of  the  12  months. 
The  per  cent  of  sugar  remains  fairly  constant,  and  agrees  with  the 
data  of  the  1 1  cows  heretofore  given  in  declining  to  some  extent  in  the 
latter  part  of  the  lactation  period.  There  is  no  noticeable  change 
in  the  per  cent  of  ash,  unless  it  be  a  slight  decline. 

While  the  results  as  previously  given  for  the  1 1  cows  fairly  repre- 
sent the  changes  that  take  place  during  the  lactation  period  under 
normal  conditions,  the  data  of  the  5  animals  here  under  consideration 
assist  in  pointing  out  what  factors  are  responsible  for  the  changes  that 
take  place  during  the  normal  lactation  period. 

GENERAL  DISCUSSION  OF  THE  RESULTS. 

It  is  evident  from  the  data  presented  that  certain  changes  in  the 
composition  of  milk  may  be  expected  under  normal  conditions  to 
occur  during  the  lactation  period.  The  lactation  period  in  regard  to 
its  effect  upon  the  composition  of  milk  may  be  divided  roughly  into 
three  parts. 

The  first  stage  includes  the  interval  from  the  time  the  secretion  of 
milk  begins  until  the  composition  reaches  normal,  and  covers  a  period 
of  from  3  to  6  weeks.  After  the  birth  of  the  calf  the  colostrum  is 
first  secreted,  which  contains,  as  is  well  known,  an  abnormally  high 
per  cent  of  protein  and  of  ash.  This  extremely  abnormal  composi- 
tion changes  rapidly  during  the  first  4  days.  Milk  is  ordinarily  con- 
sidered to  be  fit  for  food  about  the  fifth  day,  although  the  changes 
in  the  composition  continue  for  some  time.  The  per  cent  of  total 
protein,  as  well  as  of  fat,  as  a  rule  continues  to  decline  for  from  3  to  6 
weeks.  One  prominent  characteristic  of  the  fat  during  this  first  stage 
is  the  extremely  large  globules  which  are  found  in  the  beginning  of  the 
period  and  which  decline  rapidly  in  size  during  the  first  few  weeks. 
During  this  first  stage  the  composition  of  the  fat  also  shows  an  irreg- 
ular variation  from  the  normal.  The  iodin  number  is  ordinarily 
higher  than  the  average;  likewise  the  Reichert-Meissl  number  and 
the  saponification.  As  a  rule  the  melting  point  is  abnormally  high 
during  the  first  few  days  of  the  lactation  period,  but  soon  reaches 
normal. 

The  second  stage  in  the  lactation  period  begins  when  the  composi- 
tion of  the  milk  becomes  normal,  and  continues  until  a  point  is 
reached  when  a  rapid  decline  in  the  quantity  of  milk  produced  begins. 
Ordinarily  this  occurs  within  about  6  weeks  to  2  months  from  the  end 
of  the  lactation  period.  The  length  of  the  second  stage  will  depend 
upon  the  length  of  the  time  the  cow  produces  milk,  and  to  some  ex- 
tent upon  the  quantity.    If  the  complete  lactation  period  of  the  cow  be 
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10  months,  this  second  stage  will  cover  under  average  conditions  about 
6^  months.  During  this  interval  the  composition  of  the  milk  remains 
in  general  quite  uniform.  There  is  a  slight  increase  in  the  latter  part 
in  the  nitrogen  and  in  the  fat,  but  these  are  not  marked.  The  sugar 
remains  practically  constant.  The  changes  in  the  fat  most  notice- 
able are  a  gradual  decline  in  the  size  of  the  fat  globules,  which  is 
accompanied  by  a  decline  in  the  Reichert-Meissl  number  and  in  the 
saponification  number. 

The  third  stage  in  the  lactation  period  in  some  cases  has  a  rather 
definite  line  of  division  from  the  second  stage;  in  others  the  change 
is  gradual.  It  begins  at  that  point  when  the  decline  in  milk  produc- 
tion becomes  rapid  on  account  of  the  end  of  the  lactation  period 
being  close  at  hand,  and  ordinarily  this  change  begins  from  6  weeks 
to  2  months  before  the  end  of  the  lactation  period.  During  this  third 
stage  the  composition  of  the  milk  changes  widely  from  the  average 
for  the  entire  period,  and  while  the  extent  of  these  changes  varies 
with  different  animals,  they  are  uniform  to  the  degree  that  they  may 
be  reasonably  counted  on  to  occur  under  all  normal  conditions.  The 
per  cent  of  total  protein  rises  rapidly,  followed  by  the  fat,  although 
on  the  average  the  protein  makes  slightly  the  larger  increase.  Dur- 
ing this  stage  the  total  protein  content  may  be  one-third  hi^er  than 
that  present  during  the  middle  of  the  lactation  period.  The  casein 
and  albumin  remain  in  practically  the  same  proportions.  The  fat 
undergoes  marked  variations  at  this  time.  The  size  of  the  fat  glob- 
ules becomes  very  small,  the  melting  point  rises  to  a  marked  degree, 
the  iodin  number  increases,  the  Reichert-Meissl  number  becomes 
abnormally  low,  and  the  saponification  number  likewise  shows  a 
strong  decline. 

RELATION   OF   STAGE   OF  LACTATION   TO   USB   OF  MILK  AS   FOOD. 

In  carrying  on  the  investigations  herein  reported  no  attempt  was 
made  to  determine  how  long  after  parturition  milk  is  fit  for  human 
food.  It  is  evident  from  the  wide  variations  caused  by  the  lactation 
period,  especially  in  the  per  cent  of  protein  present,  that  it  is  of  con- 
siderable importance  in  many  cases  to  consider  the  stage  of  the 
lactation  period  of  the  animal  furnishing  the  milk  in  connection  with 
its  use  as  food.  For  infant  feeding  especially  the  amount  of  protein 
present  is  one  of  the  important  questions,  and  since  a  variation  of 
one-third  may  be  expected  in  the  protein  due  to  the  stage  of  lacta- 
tion, this  factor  should  be  understood  and  taken  into  account  in 
modifying  milk  for  infant  feeding.  Where  mixed  milk  of  a  herd  is 
used  wide  variation  due  to  this  cause  would  naturally  be  less  liable 
to  occur,  but  where  the  source  of  supply  is  one  animal  or  a  limited 
number  all  in  the  same  stage  of  lactation  the  importance  of  this 
factor  as  influencing  the  composition  of  the  milk  would  be  considerable. 
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BELATION  TO   CHURNING. 

The  plan  for  the  investigation  contemplated  churning  tests  to  be 
made  at  intervals  in  order  to  observe  the  effect  of  the  stage  of  lacta- 
tion upon  the  time  required  for  churning.  However,  many  diffi- 
culties were  experienced  in  working  out  a  method  to  be  followed 
in  dealing  with  cream  from  individual  animals  and  a  satisfactory 
method  was  not  evolved  until  the  investigation  was  too  far  advanced 
to  yield  results  of  sufficient  importance  to  be  given  in  detail.  The 
partial  residts,  however,  corroborated  the  common  observation  that 
the  milk  of  cows  advanced  in  the  period  of  lactation  chums  with 
difficulty.  In  fact,  the  cream  from  all  the  animals  churned  with  more 
difficulty  near  the  end  of  the  lactation  period,  and  with  several  the 
last  few  samples  secured  at  the  end  of  the  lactation  period  could 
scarcely  be  churned  at  all.  Samples  from  Nos.  205,  206,  209,  and  118 
were  foimd  which  we  were  unable  to  chum  after  trying  every  method 
we  could  devise.  Persistent  and  violent  shaking  of  this  cream  in  glass 
jars  at  temperatures  ranging  from  10°  to  30®  C.  failed  to  show  any 
sign  of  churning  after  several  hours  of  such  agitation  where  cream 
under  ordinary  conditions  would  chum  in  a  few  minutes.  The  cream 
was  also  mixed  with  water  and  reseparated  with  a  centrifugal  sepa- 
rator to  reduce  the  amount  of  soUds  not  fat,  but  the  cream  still  refused 
to  chum. 

The  methods  ordinarily  followed  in  getting  the  samples  of  fat  for 
analysis  had  to  be  modffied  with  these  samples  and  the  fat  extracted 
with  ether.  All  the  samples  that  could  not  be  churned  were  near  the 
end  of  the  lactation  period.  It  was  observed  with  tiiese  same  animals 
that  the  cream  churned  more  and  more  difficultly  as  the  end  of  the 
lactation  period  approached  until  the  stage  was  reached  when  it 
became  impossible  to  chum  the  samples.  The  conditions  bringing 
about  this  difficulty  in  churning  will  be  made  the  object  of  further 
investigation,  but  from  tiie  data  at  hand  it  appears  that  it  was 
associated  with  a  high  per  cent  of  protein  and  small  fat  globules,  and 
it  is  believed  these  two  factors  together  are  the  main  causes  of  the 
difficulties  experienced. 

ABNORMAL  TASTE   IN  MILK  AT  END  OF  LACTATION   PEBIOD. 

It  was  observed  with  cows  118,  99,  206,  and  205  that  near  the 
end  of  the  lactation  period  a  strong  abnormal  taste  and  odor  de- 
veloped in  the  milk  within  24  hours  after  it  was  drawn  from  the  cow. 
The  flavor  present  might  be  described  as  a  rancid  and  bitter  taste 
combined. 

On  June  17  samples  of  milk  were  taken  from  cows  209,  205,  and 
403.  The  former  two  were  near  the  end  of  the  milking  period  and 
the  latter  near  the  beginning.    These  samples  were  cooled  at  once  to 
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10^  C.  and  placed  in  an  ice  box  that  maintained  the  above  tempera- 
ture. Forty-eight  hours  later  a  slightly  stale  taste  was  observed  in 
the  milk  of  209;  that  of  205  showed  an  extremely  bad  condition,  a 
rancid,  bitter  taste  strongly  developed;  the  milk  of  403  showed  no 
abnormal  taste.  After  6  days  the  sample  from  403  showed  a  slight 
acid  coagulation  and  the  mixed  samples  of  205  and  209  showed  a 
hard  coagulum  floating  on  the  surface. 

On  June  18  samples  were  again  taken  from  cows  205,  209,  and  403, 
were  cooled  to  10°  C,  and  placed  in  the  ice  box.  Twenty-four  hours 
later  a  slightly  abnormal  taste  was  observed  in  209,  while  the  same 
taste,  but  much  stronger,  was  observed  in  205;  the  sample  from 
403  remained  normal. 

June  19  further  samples  were  taken  from  the  three  cows  above  men- 
tioned. No  abnormal  conditions  could  be  observed  in  the  samples 
when  fresh,  although  a  slight  difference  in  flavor  could  be  detected, 
making  it  possible  to  distinguish  one  sample  from  the  other  in  this 
manner.  An  examination  14  hours  later  showed  the  sample  from  * 
No.  403  was  still  normal,  while  the  mixed  samples  of  209  and  205 
had  a  slightly  abnormal  taste  of  the  kind  previously  mentioned.  This 
abnormal  condition  in  the  latter  sample  became  rapidly  worse. 

Accurate  observations  were  not  made  regarding  the  milk  of  cow 
118,  although  the  same  abnormal  taste  was  observed  at  the  close 
of  the  lactation  period. 

The  cause  of  this  abnormal  condition  of  the  yn^lk  was  not  de- 
termined. The  observations  made  showed  conclusively  that  it  was 
found  only  in  the  milk  of  certain  cows  near  the  end  of  the  lactation 
period  and  that  it  was  not  in  the  milk  when  drawn  from  the  cow, 
although  even  then  the  milk  could  be  distinguished  by  taste  from 
that  produced  by  cows  that  were  in  the  beginning  or  middle  of  the 
lactation  period.  The  abnormal  conditions  described  appeared  within 
12  hours  and  continued  to  increase  as  the  milk  became  older.  The 
abnormal  condition  developed  freely  within  12  hours  when  the 
milk  was  cooled  to  below  10®  C.  immediately  after  milking  and 
kept  at  that  temperature.  This  latter  statement  suggests  that  it  was 
not  the  action  of  bacteria,  as  at  10*^  C.  any  common  organism  will 
grow  so  slowly  that  a  decomposition  of  the  milk  to  the  extent  of 
producing  a  strong  rancid  odor  and  bitter  flavor  within  12  hours 
can  hardly  be  expected. 

Numerous  inq^es  are  received  each  year  regarding  abnormal 
flavor  in  milk  from  cows  near  the  end  of  the  lactation  period.  The 
conditions  described  in  this  correspondence  indicate  that  the  ab- 
normal taste  and  odor  found  in  the  milk  of  certain  of  the  experi- 
mental animals  is  not  uncommon  in  the  milk  of  cows  kept  imder  com- 
mercial conditions. 
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SUMMARY. 

1.  Eleven  purebred  cows,  consisting  of  2  Ayrahires  and  3  each  of  the 
Jersey,  Holstein-Friesian,  and  Shorthorn  breeds,  were  kept  through 
an  entire  lactation  period  on  a  ration  of  uniform  composition  con- 
sisting of  2  parts  of  alfalfa  hay  to  1  part  of  grain.  The  latter  was 
a  mixture  of  1  part  oats,  1  part  bran,  and  8  parts  cornmeal.  This 
ration  was  varied  in  quantity  to  suit  the  individual  animal.  The 
cows  were  kept  under  normal  conditions  except  in  regard  to  the 
uniformity  of  the  ration,  and  all  remained  in  good  health.  The 
milk  and  fat  produced  were  normal  for  the  breeds. 

The  object  of  the  investigation  was  primarily  to  study  the  effects 
during  a  normal  period  of  lactation  upon  the  composition  and  prop- 
erties of  the  milk,  disregarding  changes  that  might  be  due  to  other 
sources. 

2.  Composite  samples  were  prepared  from  the  milk  of  each  cow  by 

7-day  periods.  The  following  analyses  and  determinations  were 
made :  Specific  gravity,  dry  matter,  total  nitrogen,  nitrogen  as  casein, 

Xiitrogen  as  albumin,  fat,  sugar,  and  ash.  The  physical  constants  of 
the  fat  were  determined  as  follows:  Relative  size  of  the  fat  globules, 
Beichert-Meissl  number,  iodin  number,  saponification  niunber, 
refractive  index,  and  melting  point.  The  methods  of  the  Associa- 
tion of  Official  Agricultural  Chemists  were  followed. 

3.  The  total  protein  was  found  to  be  abnormally  high  following 
parturition  and  continued  to  decline  until  the  third  or  fourth  week, 
when  the  minimum  was  reached.  It  then  remained  fairly  constant 
until  near  the  end  of  the  lactation  period,  when  it  rose  rapidly  and 
reached  the  maximum  at  the  end  of  the  period.  The  range  in  the 
total  protein  on  the  average  was  more  than  that  for  the  fat. 

The  casein  constituted  80  to  82  per  cent  of  the  total  protein  and 
seldom  went  beyond  these  limits.  It  showed  the  same  changes  dur- 
ing the  lactation  period  as  described  for  the  total  protein. 

The  determination  of  the  nitrogen  as  albumin  by  the  official 
method  was  unsatisfactory.  Eliminating  minor  variations,  the 
albumin  bears  almost  a  constant  ratio  to  the  total  protein  and  there- 
fore follows  the  same  variations  during  the  lactation  period. 

On  the  average,  81.4  per  cent  of  the  total  protein  is  casein,  and 
from  7  to  9  per  cent  was  determined  as  albumin.  No  relation  was 
found  between  the  protein  and  the  sugar. 

4.  The  per  cent  of  fat  on  the  average  declined  during  the  first  3 
months,  followed  by  a  period  of  4  to  6  months  with  but  little  change. 
From  this  point  a  rapid  increase  was  found  to  the  end  of  the  lacta- 
tion period. 

The  variations  in  the  fat  and  protein  were  on  the  whole  quite 
similar.  Sudden  variations  in  the  per  cent  of  fat  are,  however,  not 
accompanied  by  corresponding  changes  in  the  protein,  but  gradual 
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changes  in  the  fat  go  with  corresponding  variations  in  the  protein. 
On  the  average  there  is  0.86  pound  of  protein  and  0.71  pound  of 
casein  to  1  pound  of  fat.  Therefore,  for  each  pound  of  protein  on 
the  average  there  wa6  found  1.16  pounds  of  fat. 

5.  The  lactose  is  the  least  variable  of  the  constituents  except  the 
ash.  The  only  change  that  is  attributable  to  the  stage  of  lactation 
is  a  sHght  decline  near  the  close. 

6.  The  total  soUds  show  the  same  variation  as  the  fat  and  protein, 
i.  e.y  a  slight  decline  at  first,  then  practically  no  change  for  8  or  9 
months,  followed  by  a  rapid  increase  to  the  end  of  the  lactation 
period. 

The  total  protein  averaged  27  per  cent  of  the  total  solids,  the 
casein  22.1  per  cent,  the  albumin  2.3  per  cent,  fat  31.3  per  cent, 
sugar  37  per  cent,  ash  5.3  per  cent. 

7.  Ash  determinations  were  not  made  on  the  7-day  samples.  They 
were  made  by  combining  4  of  the  7-day  samples.  The  amount 
of  ash  was  quite  imiform  through  the  lactation  period  except  near 
the  end,  when  there  was  some  increase  accompanying  the  increase 
in  the  total  solids. 

8.  The  milk  of  5  additional  Jersey  cows  was  analyzed  practically 
through  a  lactation  period.  The  rations  given  these  cows  were  not 
entirely  uniform  for  the  year.  The  cows  were  kept  farrow  and  at  a 
uniform  weight. 

The  range  of  variation  in  the  milk  of  these  cows  was  less  than  with 
those  kept  under  normal  conditions.  The  per  cent  of  both  nitrogen 
and  fat  remained  practically  stationary  with  no  increase  even  at  the 
end  of  12  months. 

9.  The  stage  of  lactation  exerts  a  marked  and  uniform  effect  upon 
the  relative  size  of  the  fat  globules.  The  fat  globules  are  esp^ially 
lai^e  immediately  after  the  beginning  of  the  milking  period,  then 
the  relative  size  dechnes  sharply  during  the  first  6  weeks,  remains 
fairly  constant  for  5  or  6  months,  after  which  the  decline  is  much 
more  rapid  to  the  end  of  the  lactation  period.  Variation  in  the 
relative  size  can  not  be  correlated  with  the  variation  of  any  of  the 
constituents  of  the  milk.  The  Reichert-Meissl  niunber  is  the  only 
physical  constant  of  the  fat  that  can  be  correlated  in  any  way  with 
the  relative  size  of  the  fat  globules.  The  data  indicate  that  the 
small  fat  globules  are  accompanied  by  a  low  Reichert-Meissl  number. 

10.  The  melting  point  of  the  butterfat  was  not  ixifluenced  to  any 
great  extent  by  the  stage  of  lactation.  During  the  first  few  wee^ 
there  is  a  lack  of  uniformity  in  results,  in  some  cases  a  high  melting 
point  in  the  beginning  and  in  others  a  low.  The  high  melting  point 
in  the  beginning  of  the  lactation  period  which  occurs  in  most  cases 
is  probably  brought  about  by  the  animal  utilizing  the  body  fat,  since 
the  ration  fed  at  that  stage  of  lactation  is  usually  below  the  require- 
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ments  of  the  body.  After  the  first  few  weeks  the  melting  point 
remaijis  practically  constant  until  near  the  end  of  the  lactation 
period,  when  it  rises.  The  rise  in  the  melting  point  is  accompanied 
by  a  high  iodin  number  and  an  especially  low  Reichert-Meissl  number. 
G^  the  whole  the  melting  point  is  little  affected  by  the  period  of 
lactation  when  the  food  is  kept  uxiiform,  except  at  the  latter  end, 
when  abnormal  figures  may  be  expected. 

11.  The  refractive  index  was  not  affected  to  any  appreciable  extent 
by  the  stage  of  lactation. 

12.  The  Reichert-Meissl  number  showed  a  uniform  decline  on  the 
average  from  the  beginning  to  the  end  of  the  lactation  period.  Of 
the  total  number  of  analyses,  41.6  per  cent  came  below  25,  which  is 
the  standard  set  as  a  conunercial  limit  for  butter,  while  7.5  per  cent 
of  the  total  number  came  below  20.  In  the  beginning  of  the  lacta- 
tion period  the  variations  in  the  Reichert-Meissl  number  were  irregular. 
From  this  time  on  there  was  a  gradual  decline  until  near  the  end, 
when  it  became  more  marked.  The  Reichert-Meissl  number  is  more 
influenced  by  the  stage  of  lactation  than  any  other  of  the  physical 
constants  except  the  relative  size  of  the  fat  globules. 

13.  The  iodin  niunber  ranged  from  23.8  to  49.4,  while  47.4  per  cent 
of  the  whole  were  between  30  and  35.  A  lack  of  uniformity  is  f oimd 
in  the  beginning  of  the  lactation  period.  After  this  stage  is  passed 
there  is  a  slight  but  gradual  increase  until  near  the  end,  when  it 
increases  more  rapidly  until  the  highest  point  is  reached  at  the  end. 

14.  The  stage  of  lactation  exerts  a  uniform  effect  upon  the  saponi- 
fi.cation  value.  There  is  a  uniform  decline  from  the  beginning  to  the 
end  of  the  lactation  period,  with  the  exception  that  the  decline  is 
more  rapid  during  the  last  3  months.  The  decline  is  imiform  with 
the  decrease  in  volatile  acids.  The  lowest  figure  among  the  488 
determinatioxis  was  200.1,  and  the  highest  252.3,  while  80.6  per  cent 
of  the  total  niunber  came  between  220  and  235. 

15.  The  churning  of  the  cream  became  more  difficult  toward  the 
end  of  the  lactation  period,  and  with  some  cows  samples  were  found 
that  could  not  be  churned  under  any  conditions. 

16.  An  abnormal  odor  and  flavor  developed  in  the  milk  of  certain 
cows  when  near  the  end  of  the  lactation  period.  This  condition  was 
not  present  in  the  freshly  drawn  milk  but  appeared  within  12  hours, 
even  when  the  milk  was  held  at  10^  C.      * 
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Aa  previouBly  mentioned,  a  composite  sample  of  the  milk  of  each  cow  in  this  invee- 
ti^tion  was  tucen  every  7  days.  The  detailed  analyses  of  these  7-day  samples  for 
eSch  of  the  11  cows  is  given  in  Table  I. 

Table  l,-rAnalyn$  of  the  milk  of  each  cow,  by  7-day  periods. 

COW  MO.  4. 


T 


Week 


i 


I 


I 


i 


! 
I 


Mar. 


1006. 

Dec.     1 

8 

U 

22 

29 

1907. 

Jan.  6 
12 
19 
26 

Vab.  2 
9 
16 
23 
2 
9 
16 
28 
80 

Apr.  6 
18 
20 
27 

Kay  4 
11 
18 
25 

Jane    l 

8 

16 

22 

29 

July  6 
18 
20 
27 

Aug.  8 
10 
17 
24 
81 

Sept.    7 


1.0900 
1.0810 
1.0840 
1.0640 
1.0320 


P. a. 

0.62 

.62 


P.eC. 
0.401 


P.d. 


1.0880 
1.0840 
1.0840 
1.0335 
1.0882 
1.0840 
1.0345 
1.0844 
1.0832 
1.0845 
1.0837 
1.0380 
1.0336 
1.0345 
1.0340 
1.0340 
1.0837 
1.0830 
1.0840 
1.0316 
1.0335 
1.0325 
1.0830 
1.0822 
1.0881 
1.0330 
1.0323 
1.0840 
1.0830 
1.0336 
1.0330 
1.0840 
1.0840 
1.0840 
1.0328 
1.0840 


.67 


.40 
.56 
.51 


.58 
.60 
.68 
.68 
.61 
.68 
.62 
.60 
.69 
.61 
.62 
.62 
.68 
.66 
.58 
.60 
.60 
.65 
.60 
.68 
.68 
.58 
.54 
.60 
.61 
.64 
.63 
.63 
■  66 
.70 
.65 
.67 


.41 


0.062 
.006 


.40 
.40 
.84 


.46 

.47 

.61 

.47 

.49 

.61 

.491 

.46 

.48 

.48 

.49 

.60 

.47 

.47 

.40 

.47 

.60 

.42 

.49 

.47 

.47 

.45 

.46 

.47 

.60 

.51 

.60 

.50 

.53 

.53 

.61 

.53 


.069 


.048 
.058j 
.067 


.047 
.068 
.066 
.062 
.061 
.067 
.069 
.060 
.043 
.062 
.023 
.029 
.081 
.037 
.027 
.044 
.058 
.080 
.066 
.054 
.063 
.066 
.061 
.068 
.046 
.057 
.076 
.071 
.061 
.054 
.058 
.069 


P.ef. 
6.601 
6.37 
6.10 
4.02 
4.06 


4.85 
4.60 
4.60 
4.40 
6.10 
6.60 
6.17 
4.60 
6.07 


P.d. 


P.rt. 


P.cf. 


P.<*. 


86.87 


14.18 


9.61 


85.61 
4.661  85.601 
6.06 
4.93 


14.89 

14.40 

85.461  14.64 

85.60   14.41 


4.83 


85.6^ 
86.01 
85.82 


86.02 
86.16 
86.12 
86.24 
86.62 


4.80  85.74 

4.68 

6.02 

4.83 

6.14 

6.00 

4.97 

4.68 

4.77 

4.50 

4.38 

4.44 

4.26 

4.94 

4.80 

4.80 

4.67 

4.65 

4.85 

5.151 

4.82 

6.39 
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85.821  14.18 
14.26 


9.82 
9.74 
9.48 
9.48 
8.35 
9.46 


14.31 
13.99 
14.18 


85.89  14.11 


13.96 
13.85 
13.88 
13.76 
18.48 


86.39  18.61 


85.77 


14.23 


8.29 
9.16 
9.04 
9.11 
9.01 
9.17 
9.11 
9.26 
9.10 
9.17 
9.97 


4.80 
6.00 
4.88 
5.08 


6.40 
4.95 
4.51 
4.97 
4.87 
4.64 
6.00 
6.16 
6.22 
6.46 
6.22 
4.90 
6.10 
6.48 
5.00 
6.06 
4.88 
6.14 
4.95 
4.40 
4.63 
4.08 
4.44 


4.43 
4.26 
4.07 


86.04 
86.71 
85.97 
85.30 
86.45 
85.25 
85.20 


18.96 
18.29 
14.03 
14  70 
14.66 
14.76 
14.80 


9.89 
8.64 
9.18 
9.66 
9.73 
9.36 
9.12 


27.68 
82.06 
29.40 
27.88 
80.67 


27.43 
29.06 
27.72 
27.81 
28.05 
29.67 
28.65 
81.18 
27.80 
27.86 
27.22 
28.88 
80.26 
27.86 
20.32 
31.88 
28.53 
28.07 
28.32 
25.77 
21.89 
28.67 
29.54 
27.85 
27.83 
29.06 
20.77 


86.10 
82.18 
80.64 
25.48 
29.00 


25.16 
28.^ 
28.84 


28.14 
80.68 
80.06 
28.43 
27.90 
29.78 
33.64 
82.09 
87.96 
28.08 
27.96 
26.88 
27.93 
30.39 
26.93 
29.17 
83.72 
81.60 

>■•■•* 

29.69 
29.60 
29.88 
29.08 


881.2 
228.6 
283.4 

231.1 
230.8 


234.6 

286.2 

232.2 

233.8 

231.9 

231.6 

234.2 

233.8 

280. 

223.81 

229. 

230.4 

228.8 

232.4 

231.3 

280.6 

229.6 

224.2 

231.8 

229.2 

225.6 

227.2 

229.3 

228.5 

229.6 

229.9 

229.6 


1.40021 

1.4e( 

1.4B02 

1.4606 

1.4694 


1.4597 
1.4594i 
1. 


•c. 

83.851 
82.66 
88.86 
82.10 
82.86 


82.26 
88.  U 

82.80 


264 
420 


441 


1.4698 

1.4676 

1.4506 

1.4604 

1.4508 

1.46961 

1.4683 

1.4600 

1.4500 

1.4607 

1.4606 

1.4591 

1.4688 

1.4606 

1.4501 

1.4681 

1.4506 

1.4506 

1.4572 

1.4603 

1.4501 

1.4594 

1.4608 


83.77 
82.65 
83.85 
33.41 
83.37 
33.06 
83.16 
83.17 
83.50 
83.08 
83.46 
83.27 
83.20 
38.30 
84.00 
83.30 
32.40 
83.16 
32.90 
33.16 
32.97 
83.66 
83.30 


366 


821 
218 
242 
207 
265 
883 
818 


166 
261 
241 
199 
250 
207 
474 
966 
840 
346 
217 


874 


4.68  26.76  32.91 

4.67  26.44  31.84 

4.83  24.62  82.66 

4.73  26.90  81.40 

4.88  25.81  31.42 

4.44  26.60  82.ea 

4.66  25.66  83.06 

4.42  86.87  82.18 


I 


227.8 
281.6 
244.4 
248.1 
240.2 
227.2 
230.6 
227.6 


1.4600 
1.4680 
1.4662 
1.4683 
1.4677 
1.4607 
1.4674 
1.4677 


32.90 
82.86 
88.86 
82.80 
32.80 
33.20 
38.62 
83.02 


108 
190 
161 
186 
184 
141 
189 
137 


78 
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Table  I. — Analysis  of  ike  mUh  of  each  cowj  by  7-day  perioda — Continued. 

cow  NO,  205. 


ending—   s° 


1907. 

July    27 

Aug  3 
10 
17 
24 
31 

Sept.  7 
14 
21 
28 

Oet.  6 
12 
19 
26 

Nov.     2 

9 

16 

23 

ao 

Bee.     7 

14 
21 
28 

1906. 

Jan.  4 
11 
18 
25 

Feb.     1 

8 

15 

22 

29 

Ifv.  7 
14 
21 
28 

Apr.  4 
11 
18 
25 

May     2 

9 

16 

23 

30 

June    6 

IS 
20 
27 

jQly  4 
11 
18 
26 

Aqg.  1 
8 


1.0832 
1.0340 
1.0340 
1.0340 
1.0340 
1.0325 
1.0330 
1.0814 
1.0320 
1.0345 
1.0830 
1.0315 
1,0325 
1,0830 
1.0335 
1.0314 
1.0621 
1.0812 
1.0325 
1.0340 
1.0337 
1.0828 
1.0330 


1.0325 

1.0830 

1.0320 

1.0320 

1.0340 

1.0330 

1.0327 

1.0327 

1.0346 

1.0336 

1.0326 

1.0325 

1.0330 

1.0825 

1.0822 

1.0817 

1.0325 

1.0830 

1.0830 

1.0337 

1.0320 

1.0835 

1.03 

1.0335 

1.0834 

L0326 

1.0330 

1.0338 

1.0330 

1.0330 

1.0336 

1.0832 


P.cL 
a54 
.51 
.46 
.46 
.44 
.43 
,42 
.44 
.43 
.45 
.46 
.41 
.44 
.44 
.44 
.44 
.45 
.45 
.45 
.46 
.46 
.44 
.44 


P.ct. 
0.43 
.40 
.38 
.37 
.35 
.35 
.35 
.35 
.35 
.83 
.35 
.33 
.35 
.36 
.35 
.36 
.37 
.37 
.37 
.38 
.38 
.39 
.36 


.45 
.45 
.45 
.46 
.45 
.44 
.44 
.44 
.44 
.48 
.48 
.45 
.49 
.48 
.48 
.47 
.48 
.60 
.52 
.48 
.52 
.56 
.54 
.53 
.66 
.60 
.57 
.57 
.62 
.62 
.63 
.71 


.37 

.37 

.37 

.37 

.38 

.37 

.37 

.38 

.37 

.37 

.37 

.36 

.41 

.40] 

.89 

.38 

.40 

.41 

.43 

.41 

.45 

.42 

.47 


P.ct. 

0.048 
.039 
.049 
.029 
.034 
.028 
.040 
.026 
.025 
.033 
.042 
.025 
.080 
.033 
.029 
.036 
.031 
.032 
.036 
.037 
.033 
.032 
.031 


.46 
.48 
.52 
.47 
.55 
.66 
.66 
.60 


09 


.083 

.034 

.043 

.037 

.032 

.037 

.034 

.084 

.099 

.020 

.020 

.019 

.047 

.068 

.027 

.024 

.019 

.034 

.039 

.031 

.0351 

.035 

.031 

.034 

.051 

.030 

.019 

.032 

.017 

.017 

.083 

.030 


P.et. 
3.78 
3.19 
2.69 
3.30 
3.05 
3.14 
3.38 
3.00 
2.81 
3.01 
3.17 
3.07 
3.101 
3.10 
3.58 
3.21 
3.33 
3.34 
3.32 
3.17 
3.01 
3.30 
2.87 


e9 


P.et 

87.39 

87.92 

88.68 

89.05 

88.12 

88.20 

88.41 

88.97 

88.00 

88.33 

88.34 

88.54 

88.05 

88.36 

87.56 

88.24 

87.80 

88.05 

88.04 

87.66 

S8.34 

88.30 

88.23 


I 

■a 

O 


8.06 

3.54 

3.21 

3.38 

2.89 

3.26 

3.19 

3.38 

3.15i 

3.17 

3.19 

3.28 

2.94 

3.23 

3.36 

3.38 

3.261 

3.25 

3.27 

3.22 

3.50 

3.74 

3.20 

3.63 

3.40 

3.82 

3.68 

3.61 

3.61 

4.00 

3.52 

8.53 


88.04 
87.81 
88.24 
87.87 
88.17 
88.01 
87.90 
87.75 
87.60 
87.94 
88.06 
87.96 
88.26 
87.99 
87.90 
87.85 
87.80 
88.10 
87.73 
87.58 
87.81 
87.29 
87.30 
87.04 
88.36 
87.01 
86.97 
87.42 
86.46 
86.30 
86.51 
86.92 


i 

o 
a 

i 

QQ 


P.ct. 
12.  Gl 
12.08 
11.32 
10.95 
11.88 
11.80 
11.69 
11.03 
12.001 
11.67 
11.66 
11.46 
11.95 
11.64 
12.45 
11.76 
12.20 
11.95 
11.96 
12.34 
11.66 
11.70 
11.77 


P.et. 
8.83 
8.89 
8.63 
7.65 
8.83 
8.66 
8.21 
8.03 
9.19 
8.66 
8.49 
8.39 
8.85 
8.54 
8.87 
8.55i 
8.87 
8.61 
8.64 
9.17 
9.65 
8.40 
8.90 


11.96 
12.19 
11.76 
12.13 
11.83 
11.99 
12.10 
12.25 
12.31 
12.06 
11.94 
1Z04 
11.74 
12.01 
12.10 
12.15 
12.20 
11.90 
12.27 
12.42 
12.19 
12.71 
12.70 
12.96 
11.64 
12.99 
13.03 
12.68 
13.54 
13.70 
13.49 
13.08 


to 


P.ct. 
3.98 
4.49 
5.24 
5.03 
4.94 
4.81 
5.01 
5.15 
4.99 

4.  vv 

4.55 


8.90 
8.65 
8.56 
8.75 
8.94 
8.73 
8.91 
8.87 
9.16 
8.89 
8.75 
8.76 
8.80 
8.78 
8.74 
8.77 
8.94 
8.65 
9.00 
9.20 
8.69 
8.97 
9.60 
9.33 
8.24 
9.17 
9.35 
8.97 
9.93 
9.70 
9.97 
9.55 


22.95 
27.86 
29.32 
26.52 
24.97 


5.20 
5.26 
5.24 
5.03 
4.96 
5.09 
5.73 
5.91 
5.24 
5.18 
5.681 


5.48 
5.01 
5.57 
4.96 
5.27 
4.73 
4.50 
5.04 
4.75 
4.97 

■   •    «    *    a 

5.32 
5.00 
4.87 
5.02 
5.45 
5.13 
5.32 
5.15 
5.10 
4.94 
4.82 
5.65 
4.63 
4.98 
4.78 
4.91 
4.78 
5.10 
5.17 
5.04 
4.22 


I 

g 

.a 
•g 


41.82 
30.81 
38.03 
37.83 
85.61 


27.34 
2&73 
26.23 
25.29 
28.05 
25.73 
24.45 
26.82 
27.49 
30.76 
29.71 
29.25 
27.92 
24.38 
27.35 
26.39 
25.92 


28.01 

26.72 

28.22 

28.88 

28.37 

27.01 

27.02 

28.63 

27.44 

28.96 

27.96 

27.78 

26.71 

27.88 

23.32 

26.72 

26.83 

2&62 

25.45 

27.14 

24.41 

2t83 

19.14 

21.78 

18.821 

14.72 

16.11 

12.61 

7.63 
10.06 

9.76 

iao9 


241.4 
244.2 
241.1 
229.1 


30.62 
37.40 
32.03 
31.65 
32.20 
36.15 
33.08 
31.89 
32.14 
30.30 
30.97 
31.27 
31.54 
33.29 
32.20 
32.77 
32.90 


32.68 
32.81 
32.73 
31.45 
33.60 
32.07 
34.46 
83.81 
33.46 
83.20 

3i'84 
36.16 
35.29 
37.69 
35.26 
83.94 
35.28 
34.98 
34.88 
36.44 
36.89 
38.71 
87.03 
37.48 
41.34 
42.07 
41.89 
44.96 
42.89 
41.61 
42.22 


229.1 

229.8 

231. 3t 

230.8 

230.6 

223.2 

234.1 

239.7 

230.2 

227.7 

235.1 

231.1 

229.6 

227.3 

231.3 

228.8 

227.1 


227.4 
228.0 
226.6 
227.3 
230.3 
229.1 


.3 

Is 


1.4595 
1.4587 
1.4606 
1.4005 
1.4574 


1.4603 
1.4680 
1.4549 
1.4543 
1.4579 
1.4665 
1.4575 
1.4662 


1.4577 

1.4554 

1.45761 

1.4571 

1.4572 

1.4668 

1.4573 

1.4571 


1.4573 
1.4557 
1.4672 
1.4564 
1.4571 
1.45701 


■4^ 

t 

I 
I 


36.53 
32.97 
32.17 
31.98 
32.60 


226.9  1.4664 


226.7 

225.3 

225.4 

225.3 

225.3 

224.1 

224.3 

220.2 

224.7 

226.3 

227.5 

225.1 

228.1 

224.51 

222.1 

219.0 

223.2 

219.0 

215.8 

215.01 

208.5 

200.1 

202.7 

210.7 

204.3 


1.4564 
1.4564 
1.4682 


33.45 
32.06 
33.25 
33.55 
33.67 
33.101 
33.52 
83.06 
34.55 
33.90 
33.06 
33.27 
33.07 
82.67 
82.88 
32.55 
32.06 


33.30 
32.75 
32.73 
33.80 
32.25 
32.73 
33.00 
33.10 
33.10 
32.75 
33.55 


83.48 
82.78 
34.25 
82.53 
83.80 
32.90 
82.85 
83.35 
82.95 
31.76 
32.85 
32.76 
33.30 
86.35 
86.15 


52.90 
50.26 
47.43 
47.33 


369 
197 
152 
248 
130 
176 
131 
151 
204 
142 
123 
124 
129 
183 
148 
127 
147 
128 
136 
96 
81 
72 
87 


116 

105 

120 

87 

112 

106 

85 

82 

126 

88 

87 

97 

88 

82 

113 

78 

88 

61 

75 

98 

90 

79 

227 

70 

59 

111 

112 

127 

177 

175 

186 


58223^— BuU.  156—18 6 


82 


STAGE  OF   LACTATION  AND  PBOPEBTIES  OF  MILK. 


Table  I. — Analym  of  the  milh  of  each  cow,  by  7 -day  periocb— Continued. 

cow  NO.  206. 


Week 

ending— 


1907. 
June 


July 
Aug. 

Sept. 

Oct 

Nov. 

Dec 


L0316 
1.0290 
1.0282 
1.0290 
1.0293 
1.0290 
1.0295 
271  1.0292 
1.0290 
1.0290 
1.0295 


8 
16 
22 
29 

6 
13 
20 

nr 

8 
10 
17 
241  1.03001 


31 
7 

14l 

21 

28 

5 

12 

19 

26 

2 

9 

16 

23 

3(M 

7 

14 

21 

2^ 


1.0275 
1.0282 
1.0275 
1.0290 
1.0300 
1.0300 
1.0290 
1.0290 
1.0290 
1.0300 
1.0278 
1.0286 
1.0281 
1.0290 
1.0290 
1.0290 
1.0295 
1.0290 


P.rt 
0.53 
.43 
.40 
.39 
.37 
.38 
.40 

% 

.38 
.87 
.37 
.38 
.38 
.40 
.40 
.42 
.42 
.39 
;44 
.42 
.42 
.43 
.42 
.41 
.40 
.40 
.42 
.42 
.40 


1906. 
JazL       4 

ir 

18 

25 

1 

8] 
15 
22 
29 

7 
14 
21 
281 

4 


F^b. 


Mar. 


Apr. 


1.0290 
1.0290 
1.0295 
1.0293 
1.0810 
1.0310 
1.0300 
1.0810 
1.0826 
1.0324 
1.0338 
1.0343 
1.0853 
L0846 


.46 
.45 
.43 
.44 
.45 
.44 
.45 
.49 
.53 
.56 
.65 
.68 


P.rf. 
0.41 
.34 
.31 
.30 
.30 
.29 
.31 
.29 
.30 
.30 
.29 
.28 
.28 
.30 
.32 
.31 
.301 
.31 
.35 
.32 
.83 
.82 
.83 
.34 
.31 
.31 
.30 
.32 
.33 
.32 


.84 
.34 
.33 
.35 
.36 
.88 
.88 
.41 
.45 
.44 
,52 
.54 
.68 
.61 


P.rt. 
0.0S8 
..036 
.038 
.037 
.029 
.036 
.019 
.029 
.025 
.035 
.026 
.034 
.022 
.028 
.0191 
.018i 
.033; 
.035| 
.020| 
.022 
.083 
.030 
.084 
.037 
.066 
.034 
.029 
.031 
.0321 
.030 


.037 
.046 
.040 
.036 
.030 
.038 
.034 
.028 
.048 
.045 
.044 
.047 
.073 
.095 


^ 


P.ct 

8.48 
8.17 
2.58 
8.C6 
8.00 
2.70 
8.19 
2.63 
2.76 
2.29 
2.70 
2.58 
2.94 
2.76 
2.96 
71 
10 
72 
2.94 
2.78 
8.06 
8.13 
8.01 
8.05 
8.05 
8.08 
3.01 
2.39 
3.08 
2.86 


P.  a 

88.03 
88.96 
90.05 
89.16 


2.82 
8.23 
8.09 
8.13 
2.70 
8.06 
2.93 
8.35 
8.03 
8.08 
8.39 
8.44 
8.05 
8.73 


I 
I 

I 

6h 


P.rt 
11.97 
11.04 
0.95 
10.84 


89.90 
89.96 
90.38 
88.98 
89.96 
89.77 
9a  01 
80.73 
80.43 
89.43 
89.57 
89.33 
89.51 
89.60 
89.14 
89.20 
89.13 
89.18 
89.17 
89.06 
89.56 
89.37 
89.29 


89.00 
89.15 
89.13 
88.05 
89.07 
88.81 
88.72 
S7.90 
87.82 
87.97 
87.13 
86.91 


86.05 


10.10 
10.04 

9.62 
11.02 
10.04 
10.23 

9.99 
10.27 
10.57 
10.57 
ia43 
10.67 
ia49 
ia40 

ia86 

10.80 
10.87 
10.82 
10.83 
10.92 
10.44 
10.63 

ia7i 


11.00 
ia85 

ia87 

11.06 

ia93 

11.19 
11.28 
12.10 
12.18 
12.03 
12.87 
13.00 


s 


& 


P.et. 

8.49 
7.87 
7.37 
7.78 


I 


P.rt. 
8.88 
4.12 


4.21 
4.61 


7.47 

7.28 

7.38 

8.32 

7.46 

7.29 

7.23 

7.31 

7.86 

7.47 

7.71 

7.73 

7.71 

7.34 

7.73 

7.79 

7.82 

7.77 

7.75 

7.91 

8.051 

7.55 

7.85 


8.18 
7.62 
7.78 
7.92 
8.23 
&13 
8.35 
8.75 
9.15 
9.00 
0.48 
9.65 


18.95  ia22 


4.33 
4.54 
4.70 
4.48 
4.31 
4.25 
4.00 
4.06 
4.10 
4.80 
4.19 
4.82 
4.23 
4.28 
3.66 
4.14 
4.13 
4.24 
4.20 
4.91 
5.89 
4.45 
4.22 
4.79 


4.30 
3.60 
4.35 
8.58 
4.19 
4.23 
3.50 
4.06 
4.09 
4.09 
4.80 
4.68 
4.54 
4.48 


28.06 
28.47 
32.47 
30.69 
33.38 


28.80 
26.27 
26.38 
29.66 
28.31 
28.24 
24.70 
22.91 
27.60 
23.09 
25.56 
3a  63 
3a  23 
22.35 


24.70 
22.34 
26.49 
26.84 
25.89 
22.06 
22.29 
24.95 
2L46 


23.67 
23.49 
2a  80 
24.01 
25.41 
23.80 
28.06 
21.46 


17.73 
10.97 


15.27 


37.21 
29.80 
26.00 
29.02 


28.64 
34.06 
38.76 
34.24 
85.11 
34.00 
34.02 
27.60 
34.72 
3a  47 
29.80 
34.65 
32.58 
80.13 


31.96 
31.84 
81.21 
32.46 
31.90 
83.08 
85.16 
32.56 
88.54 


85.84 
35.06 
33.77 
84.76 
84.03 
38.06 
84.99 


86.66 
83.26 


87.02 
8&72 


P 

o  § 
Ad 

OS 
CQ 


225.3 
234.8 
282.1 
229.3 


281.6 
223.9 
248.5 
247.9 
246.7 
231.4 
229.5 
235.4 
232.8 
236.9 
231.9 
233.1 
231.9 
232.6 


229.3 
232.2 
232.0 
232.6 
230.4 
228.8 
231.9 
229.2 
225.3 


223.7 
224.0 
224.2 
226.1 
222.6 
224.6 
222.6 
220.3 
21&2 
218.6 
223.4 
2ia4 
216.4 


1.4604 
L4505 
1.4S91 
1.4S01 


1.4505 
1.4574 
1.4569 
1.4508 
L4599 
L4570 
1.4579 
L4551 
1.4513 
1.4563 
1.4574 
1.4555 
1.4577 
1.4555 


1.4551 
1.4574 
L4576 
L4547 
L4572 
L4576 
L4582 
1.4574 
1.4574 


L4586 
1.4568 
1.4579 
1.4574 
1.4577 
1.4563 
L4560 
1.4588 
1.4587 
1.4563 


I 

7H 


34.06 
32.63 
81.76 
33.38 
32.45 


34.10 
34.02 
82.35 
81.38 
31.83 
32.20 


82.10  141 


82.47 
81.85 
82.30 
81.80 
81.82 
83.18 
33.07 

147 
83.061  106 


82.36 


38.66 
82.65 
33.06 
32.28 
33.55 
82.40 
32.56 
31.96 


84.26 
33.13 
62.10 
36.15 

34.80 


282 
250 
160 
304 
237 
439 
276 
128 
120 
126 
137 
114 


121 
140 
226 
174 
130 
122 


130 


32.00  147 

32.65  159 

32.40  120 

83.40  138 

82.20  112 

82.92  103 

83.88  108 


12S 

lOB 

123 

M 

74 

03 

61 

96 

79 

62 

84 

45 

64 

132 


APPBin)IX. 


83 


Table  I. — Analysis  of  the  mxLk  of  each  cow,  by  y-day  period$ — Continued. 

cow  NO.  209. 


Week 


Sept. 


Oet. 


1907. 

July    27 

Aug.  3 
10 
17 
24 
SI 
7 
14 
21 
28 
5 
12 
10 
20 

Not.    2 

9 

16 

23 

30 

Dee.     7 

14 
21 
28 

1906. 

Jan.  4 
11 
18 
25 
1 
8 
15 
22 
29 
7 
14 
21 
28 

Apr.  4 
11 
18 
26 

May     2 

9 

16 

28 

30 

June  6 
13 
20 
27 

Inly     4 


Feb. 


liar. 


I.OSIO 
1.0S20 
1.0320 
l.Q8» 
1.0320 
1.0300 
1.0800 
1.0206 
1.0290 
1.0308 
1.0310 
1.0296 
1.0290 
1.0306 
1.0816 
1.0286 
1.0286 
1.0296 
1.0206 
1.0810 
1.0908 
1.0310 
1.0300 


1.0295 
1.0306 
1.0800 

i.oaoo 

1.0314 
1.0310 
1.0296 
1.0809 
1.0807 
1.0316 
1.0315 
1.0310 
1.0813 
1.0313 
1.0322 
1.0330 
1.0883 
1.0826 
1.0336 
1.0356 
1.0300 
1.0344 
1.0370 
1.0344 
1.0835 
1.0830 
1.0314 


P.  a. 

0.61 
.49 
.44 
.45 
.45 
.43 
.44 
.46 
.43 
.46 
.47 
.44 
.49 
.46 
.46 
.47 
.44 
.45 
.43 
.47 
.47 
.46 
.46 


P.et. 
0.46 
.39 
.34 
.36 
.34 
.32 
.33 
.37 
.33 
.34 
.35 
.35 
.36 
.37 
.37 
.35 
.38 


.461 

.61 

.601 

.50 

.49 

.48 

.49 

.62 

.48 

.53 

.50 

.82 

.54 

.68 

.61 

.601 

.50 

.57 

.62 

.66 

.75 

.73 

.76 

.72 

.72 

.70 

.72 


.33 
.36 
.36 
.39 
.36 


el 


P.et. 

0.046 
.045 
.046 
.049 
.029 
.033 
.040 
.025 
.024 
.042 
.037 
.043 
.040 
.032 
.039 
.039 
.030 
.031 
.040 
.025 
.043 
.045 
.033 


.33 
.37 
.41 
.38 
.41 
.40 
.39 
.40 
.40 
.40 
.41 
.41 
.43 
.46 
.46 
.51 
.52 
.46 
.50 
.64 
.62 
.59 
.60 
.61 
.56 
.59 
.57 


.046 
.045 
.040 
.049 
.042 
.056 
.042 
.043 
.046 
.044 
.033 
.038 


.0591 
.061 
.063 
.053 
.044 
.079 
.056 
.074 
.062 
.083 
.084 
.066 
.100 
.083 


OS 


P.et 
8.05 
3.14 
2.50 
2.80 
2.40 
2.64 
2.68 
2.67 
2.54 
2.72 
2.96 
2.72 
3.92 
3.00 
3.09 
2.96 
3.00 
3.14 
3.35 
3.05 
2.54 
3.24 
2.73 


2.74 
3.00 
2.95 
8.06 
2.72 
3.15 
2.95 
3.08 
2.87 
2.94 
3.06 
3.18 
2.85 
3.69 
3.75 
3.32 
3.33 
3.29 
3.27 
3.52 
3.74 
8.75 
3.76 
4.06 
4.05 
6.54 
4.01 


1 

3 

O 
Eh 


P.et. 

87.16 

88.77 

89.56 

89.55 

89.80 

89.91 

89.78 

89.59 

89.01 

89.791 

89.37 

89.301 


P.et. 

12.84 

11.23 

10.44 

10.45 

10.20 

10.09 

10.22 

10.41 

10.99 

10.21 

10.63 

10.70 


49 


89.23 
88.61 
88.96 
89.19 
88.82 
88.79 
88.59 
89.19 
88.54 
89.07 


88.38 
88.80 
89.03 
88.56 
88.80 
88.66 
89.13 
88.61 
88.70 
88.47 
88.43 
88.41 
88.38 
87.51 
87.32 
87.39 
87.47 
87.72 
87.24 
86.80 
86.30 
86.30 
86.02 
86.44 
87.21 
84.39 
86.57 


10.77 

11.39 

11.04 

10.81 

11.181 

11.21 

11.41 

10.81 

11.46i 

10.93 


10.62 
11.20 
10.97 
11.44 
11.20 
11.34 
10.87 
11.39 
11.30 
11.53 
11.57 
11.59 
11.62 
12.49 
12.68 
12.61 
12.53 
12.28 
12.76 
13.20 
13.70 
13.70 
13.96 
13.56 
12.79 
15.61 
13.43 


P.et. 

8.89 
8.09 
7.85 
7.65 
7.80 
7.45' 
7.54; 
7.74 
8.45 
7.49 
7.67 
7.98 


i 
& 


p.et. 
8.89 
6.20 
4.17 
4.35 
4.15 
3.51 
4.14 
4.21 
4.001 


7.77 
8.30 
8.08 
7.81 
8.04 
7.86 
8.36 
8.27 
8.22 
8.20 


7.88 
8.20 
8.02 
8.36 
8.48 
8.10 
7.92 
8.31 
9.43 
8.59 
8.51 
8.41 
8.77 
8.801 
8.98 
9.29 
9.20 
0. 99 
9.49 
9.68 
9.96 
9.95 
10.22 
9.51 
8.74 
9.07 
9.42 


21.47 
24.23 
28.46 
28.45 


4.31 
4.20 
4.10 
3.38 
4.23 
4.10 
3.64 
4.33 
5.30 


4.03 
4.28 
4.50 


3.74 

3.88 

4.49 

3.96 

4.32 

4.20 

4.31 

4.06 

8.20 

4.17 

4.10 

4.64 

4.72 

4.37 

4.601 

4.99 

4.53 

4.84 

4.82 

4.97 

4.53 

3.57 

4.34 

4.33 

4.35 

4.06 

4.52 


43.11 
42.24 
86.82 
35.65 


26.82 
27.39 
26.32 
20.99 
24.30 
29.19 
25.92 
26.29 
27.14 
27.39 
27.37 
28.03 
25.71 
22.06 
23.44 
23.75 
26.70 


220.6 
239.0 
244.6 
244.4 


1^ 


I 


1.4587 
1.4606 
1.4606 
1.4604 


23.58 
22.62 
22.31 
24.35 
21.80 
23.99 
22.28 
24.15 


31.40 
36.16 
32.39 
34.01 
32.54 
32.13 
32.86 
33.51 
32.70 
33.09 
33.11 
32.48 
32.22 
36.05 
33.36 
34.74 
33.57 


36.42 
87.19 
36.97 
36.06 
36.22 
84.44 
35.88 
36.44 


22.78 
25.53 
24.10 
24.52 
20.31 
17.67 
20.90 
21.78 
22.84 
22.31 
21.36 
18.78 
22.28 
20.80 
20.60 
19.12 
21.34 
20.03 


36.78 


37.80 
36.46 
37.80 
42.47 
41.09 
o4.  V4 

35.19 
33.06 
38.34 
84.82 
36.63 
35.51 
36.88 
37.74 
38.99 
39.06 


236.2 
223.4 
232.3 
234.1 
231.2 
230.5 
230.7 
232.8 
232.5 
227.4 
230.4 
232.2 
231.1 
223.3 
226.4 
232.0 
230.6 


224.4 
221.8 
225.7 
225.3 
223.3 
221.7 
218.5 
222.8 
226.6 
222.3 
224.5 
221.4 
219.6 
218.0 
212.9 
221.6 
224.2 
223.3 
222.0 
221.5 
221.0 
221.4 
223.2 
219.0 
217.5 
214.8 
215.8 


1.4602 
1.4601 
1.4562 
1.4664 
1.4559 
1.4572 
1.4565 
1.4576 
1.4577 


1.45661 

1.4571 

1.4579 

1.4582 

1.4570 

1.4575 

1.4673 


1.4575 
1.4582 
1.4580 
1.4576 
1.4558 
1.4579 
1.4565 
1.4573 
1.4563 
1.4579 


32.17 
83.85 
32.23 
82.08 


81.72 
32.70 
32.05 
33.40 
31.45 
32.55 
30.82 
31.15 
31.10 
83.23 
31.87 
32.75 
33.00 
84.07 
32.35 
82.12 
81.60 


81.35 
33.16 
82.06 
32.00 
32.00 
33.00 
32.75 
38.45 
31.93 
31.48 
83.35 
83.20 
83.88 
84.86 
84.80 
32.00 
33.03 
33.20 
32.40 
33.20 
33.80 
34.40 
84.86 
36.13 
37.40 
36.98 
37.80 


710 
237 
168 
174 
110 
128 
158 
158 
179 
122 
118 
123 
176 
133 
139 
104 

02 
120 
120 

86 

66 
114 

88 


87 
99 
94 

123 
74 

122 
72 
82 

119 

lis 

74 
78 
81 
78 
75 
86 
66 
60 
50 
66 
96 
63 
77 
66 
122 
114 
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Table  I. — Analynt  of  the  mUk  o/eadi  cow^  by  7-day  period$ — Continued. 

COW  NO.  300. 


Week 

ending— 


1908. 

Jan.      4 

11 

18 

26 

Feb.     1 

8 

16 

22 

20 

7 

14 

21 


Mar. 


Hay 


Apr.  4 
11 
18 
26 
2 
0 
10 
23 

ao 

Jone  0 
13 
20 
27 

Inly  4 
11 
18 
26 

Aug.     1 

8 

16 

22 

20 

Sept.  6 
12 
10 
20 

Oct     3 


L0340 
1.0830 
1.0330 
1.0316 
1.0330 
1.0820 
1.0330 
1.0320 
1.0326 
L0820 
1.0830 
1.0320 
1.0814 
1.0302 
1.0312 
1.0306 
1.0304 
1.0313 
1.0320 
1.0316 
1.0801 


1.0302 
1.0302 
1.0306 
1.0290 
1.0304 
1.0296 
1.0300 
1.0310 
L0310 
1.0316 
1.0313 
1.0816 
1.0320 
1.0830 
1.0316 
1.0326 
1.0334 
1.0300 


P.eL 
0.61 
.53 
.60 
.48 
.46 
.40 
.48 
.46 
.47 
.40 
.48 
.49 
.60 
.46 
.46 
.47 
.46 
.44 
.47 
.46 
.46 
.48 
.46 
.49 
.47 
.46 
.46 
.45 
.49 
.47 
.49 
.61 
.53 
.68 
.67 
.68 
.61 
.641 
.71 
.72 


P.  a. 
a49 

.44 

.43 
.40 
.40 
.38 
.41 
.401 
.40 
.40 
.40 
.38 
.41 
.37 
.36 
.37 
.37 
.38 
.40 
.40 
.39 
.38 
.37 
.40 
.39 
.38 
.39 
.41 
.42 
.44 
.44 
.47 
.40 
.63 
.62 
.63 
.55 
.67 
.61 
.61 


P.rt. 

a030 
.048 
.042 
.027 
.030 
.081 
.037 
.024 
.033 
.027 
.017 
.031 
.039 
.038 
.025 
.018 
.031 
.087 
.036 
.021 
.0201 
.042 
.024 
.026 
.041 
.0281 
.020 
.028 
.016 
.019 
.022 
.021 
.018 
.017 
.020 
.012 
.020 
.036 
.022 
.049 


4 


P.et. 
4.17 
4.32 
3.89 
3.65 
8.22 

3.65 

3.61 

3.31 

3.37 

3.45i 

3.38 

3.36 

3.50 

8.23 

8.36 

8.15 

3.47 

3.30 

3.35 

3.44 

3.40 

2.96 

8.20 

3.30 

3.46 

8.34 

3.11 

8.721 

8.50 

8.26 

8.65 

8.47 

3.61 

8.891 

3.99 

4.40 

4.58 

4.46 

4.65 


• 

I 


P.et. 
86.24 
86.61 
87.44 
87.43 
87.96 
87.60 
87.66 
87.72 
87.87 
87.72 
87.83 
88.02 
87.93 
88.11 
88.30 
88.43 
88.42 
88.04 
88.30 
88.02 
88.74 
88.02 
88.60 
88.66 


88.60 
88.66 
88.61 
87.70 
87.87 
88.11 
87.74 
87.93 
87.47 
87.24 
87.11 
86.64 
86.17 
86.08 
85.86 


P.tt 

13.76 

13.39 

12.56 

12.57 

12.04 

12.40 

12.35 

12.28 

12.13 

12.28 

12.17 

11.96 

12.07 

11.80 

11.70 

11.57 

11.58 

11.96 

11.70 

11.38 

11.26 

11.38 

11.40 

11.34 


11.40 
11.34 
11.39 
12.30 
12.13 
11.89 
12.26 
12.07 
12.53 
12.76 
12.89 
13.46 
13.83 
13.97 
14.14 


P.rt. 
9.59 
9.07 
8.67 
8.92 
8.82 
8.46 
8.70 
8.67 
8.82 
8.91 
8.72 
8.60 
8.71 
8.39 
8.47 
8.22 
8.43 
&49 
8.40 
8.03 
7.82 
7.98 
8.42 
8.14 


7.94 
8.00 
8.28 
8.58 
8.64 
8.63 
8.71 
8.60 
8.92 
8.87 
8.90 
0.06 
9.26 
9.52 
9.49 


P.et. 
6.561 
6.06 
6.16 
4.81 
4.74 
4.29 
4.95 
6.20 
4.99 
4.04 
4.24 
6.28 
6.14 
4.42 
4.98 
6.00 
6.02 
4.96 
4.90 
4.94 
4.65 


4.45 
4.62 
4.75 
4.79 
4.67 
6.06 
4.75 
6.22 
6.21 
6.13 
6.24 
6.12 
6.15 
6.00 
4.95 
4.83 
3.04 
3.74 


31.38 
28.45 
22.90 
27.89 
28.09 
29.23 
28.21 
29.60 
26.86 
27.12 
29.20 
27.84 
20.07 
24.12 
26.10 
26.76 
27.45 
26.31 
27.18 
26.38 


25.73 
25.80 
25.74 
23.64 
24.76 
24.63 
25.43 
23.93 
23.11 
24.01 
24.44 
24.96 
23.90 
23.25 
20.26 
19.09 
17.37 
17.43 


32.95 
34.88 
80.07 
32.42 
29.49 
28.25 
29.60 
27.47 
2&35 
25.95 
28.34 
28.12 
28.10 
36.72 


27.31 
29.65 
27.63 
26.61 


28.60 

29.86 

80.38 

31.88 

84.23 

37.87 

37.21 

37.26J 

89.37 

37.12 

85.54 

36.02 

34.91 

36.751 

33.66 

36.60 

36.99 

39.64 


p.a 


CD 


238.6 
228.6 
280.8 
231.3 
228.7 
230.2 
232.8 
231.0 
233.5 
233.7 
229.8 
232.0 
227.7 
223.3 
220.7 
227.6 
227.8 
227.9 
229.3 
231.6 


231.1 
329.9 
229.4 
227.6 
224.3 
224.1 
222.0 
221.3 
222.0 
221.9 
222.9 
220.9 
223.7 
228.2 
222.9 
219.3 
216.6 
216.7 


L4507 
L4575 
1.4565 
1.4570 
1.4544 
1.4663 
1.4549 
1.4566 
1.4557 
L4563 


t 
I 


•c. 

87.881 
83.68 
83.96 


83.30 
32.88 
33.56 
33.80 
33.50 
83.66 
33.36 
33.40 
83.78 
84.00 
83.60 
32.88 
83.70 
83.50 
33.78 
83.90 


83.88 
84.18 
83.56 
84.00 
34.48 
33.45 
33.40 
33.10 
33.90 
33.16 
33.06 
84.00 
82.88 
32.66 
33.75 
83.96 
84.90 
33.28 


173 
205 
175 
177 
160 
148 
199 
124 
141 
128 
157 
181 
123 
128 
130 
119 
106 
106 
146 
109 
116 

loi 

83 

U2 

94 

83 

63 

83 

76 

96 

86 

68 

70 

88 

170 

144 

129 

71 
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Table  I. — Anaiyns  of  the  mUk  of  each  cow,  by  7-day  periods — Gontinued. 

cow  NO.  301. 


Week   I 
endinS"- 


Feb. 


1907. 

Got.  6 
12 
19 
26 

Not.    2 

9 

16 

23 

30 

Dee.  7 
14 
21 
28 

1906. 

Jan.      4 

11 

18 

2S 

1 

8 

15 

22 

29 

7 

14 

21 

28 

Apr.     4 

11 

IS 

25 

nay     J 

16 
23 
30 

June  6 
13 
20 
27 

July  4 
11 
18 
25 

Aug.     1 

8 

15 

22 

29 

Sept  6 
12 
19 


i 
I 

3 

o 


L0855 
1.0340 
1.0340 
1.0336 
L0340 
1.0317 
1.0811 
1.0338 
L0320 
1.0330 
1.0325 
1.0330 
1.0820^ 


1.0835 

1.0330 

1.0830 

1.0325 

1.0S20 

L0836 

1.0824 

1.0328 

1.0336 

1.0329 

1.0330 

1.0826 

1.0330 

L0321 

1.0320 

1.0312 

1.0814 

L0327 

1.0325 

1.0829 

1.0315 

1.0313 

1.0825 

1.0812 

1.0305 

L0306 

1.0316 

1.0303 

L0298 

1.0873 

1.0280) 

L0302 

1.0315 

1.0330 

1.0323 

1.0340 

1.0833 

L0376 


P. 
0. 


cL 
,64 
.67 
,54 
.50 
.40 
.50 
.50 
,49 
.48 
.49 
.48 
.47 
.60 


P.et. 
0.53 
.40 
.46 
.41 
.41 
.39 
.40 
.30 
.89 
.41 
.39 
.36 
.42 


.50 
.52 
.63 
.50 
.50 
.52 
.50 
.52 
.62 
.55 
.62 
.50 
.53 
.50 
.51 
.48 
.50 
.40 
.52 
.51 
.52 
.56 
.54 
.53 
.53 
.53 
.51 
.51 
.53 
.59 
.49 
.54 
.57 
.55 
.61 
.62 
.65 


P.et 
0.040 
.050 
.034 
.038 
.035 
.022 
.034 
.035 
.032 
.047 
.046 
.041 
.030 


.42 
.43 
.44 
.43 
.42 
.43 
.42 
.48 
.43 
.42 
.42 
.41 
.43 
.41 
.41 
.42 
.41 
.42 
.43 
.42 
.44 
.47 
.45 
.45 
.41 
.43 
.44 
.43 
.47 
.52 
.44 
.48 
.51 
.53 
.55 
.57 
.56 
.60 


p.et. 
4.11 
9.  ov 
3.56 
3.90 
3.96 
3.58 
3.69 
3.71 
3.75 
3.83 
3.80 
3.85 
3.71 


.034 
.041 
.035 
.039 
.041 
.046 
.042 
.044 
.061 
.043 
.086 
.034 
.040 
.061 
.045 
.034 
.026 
.046 
.086 
.036 
.037 
.080 
.030 
.034 
.049 
.043 
.016 
.088 
.047 
.028 
.029 
.031 
.028 
.017 
.021 
.025 
.039 
.033 


s 

I 


p.et. 
86.29 
86.66 
87.06 
87.20 
86.98 
87.46 
87.63 
87.95 
87.64 
87.39 
87.36 
87.34 
87.26 


3.75 
4.01 
3.75 
4.12 
3.86 
4.24 
4.09 
4.00 
3.71 
3.66 
8.76 
4.07 
8.77 
4.00 
8.96 
4.16 
3.76 
3.76 
4.07 
3.55 
3.84 
8.61 
3.67 
3.71 
8.73 
8.46 
3.42 
3.34 
4.51 
6.83 
4.99 
8.96 
4.01 
3.87 
8.99 
3.76 
4.30 
4.48 


87.33 
87.20 
87.67 
86.89 
87.07 
86.69 
86.99 
87.26 
86.99 
87.23 
87.10 
87.10 
87.50 
87.74 
87.15 
87.62 
87.29 
87.33 
87.21 
87.14 
87.84 
87.91 
87.16 
87.66 
89.18 
88.07 
87.96 
88.10 
86.76 
84.21 
86.75 
87.29 
86.90 
86.93 
86.73 
86.95 
86.26 
86.08 


S 

s 

o 

Eh 


P.et. 

13.71 

13.34 

12.94 

12.80 

13.02 

12.54 

12.37 

12.05 

12.36 

12.61 

12.64 

12.66 

12.74 


o 
a 

2 

I 


P.et. 
9.60 
9.45 
9.28 
8.90 
9.04 
8.06 
8.68 
8.34 
8.61 
8.78 
8.84 
8.81 
9.03 


12.67 
12.80 
12.33 
13.11 
12.93 
13.31 
13.01 
12.74 
13.01 
12.77 
12.90 
12.90 
12.50 
12.26 
12.85 
12.38 
12.71 
12.67 
12.79 
12.86 
12.16 
12.00 
12.84 
12.34 
10.82 
11.93 
12.04 
11.90 
13.24 
15.79 
13.25 
12.71 
13.10 
13.07 
13.27 
13.05 
13.74 
13.02 


8.92 
8.79 
8.58 
8.99 
9.07 
9.07 
8.92 
8.74 
9.30 
9.12 
9.14 
8.93 
8.73 
8.26 
8. 89 
8.22 
8.95 
8.91 
8.72 
9.31 
8.32 
8.48 
9.17 
8.63 
7.09 
8.47 
8.62 
8.56 
8.73 
8.96 
8.26 
8.76 
9.00 
9.20 
9.28 
9.29 
9.44 
8.54 


i 


p.et. 
4.961 
5.35 
5.28 
5.11 
4.77 
4.91 
4.75 
4.44 
5.77 
5.67 
5.43 


5.34 


5.05 
5.14 
5.11 
4.96 
4.68 
4.44 
5.00 


4.23 
3.67 
6.83 
5.27 
5.00 
5.32 
5.32 
5.49 
6.22 
4.48 
5.00 
4.70 
4.88 
4.82 
4.62 
4.83 
4.70 
5.35 
4.63 
5.26 
4.90 
4.77 
4.94 
5.02 
5.04 
5.16 
5.34 
5.15 
4.90 


31.93 
32.03 
30.70 
27.70 
27.11 
27.95 
28.11 
25.19 
25.79 
25.88 
27.17 
27.48 
27.24 


24.75 
25.26 
23.28 
24.13 
24.71 
25.89 
24.79 
27.04 
26.64 
26.70 
26.76 
26.35 
26.15 
26.50 
24.34 
27.41 
27.18 
25.27 
25.72 
25.34 


26.88 
30.22 
26.92 
30.30 
27.87 
31.79 
29.90 
30.08 
31.31 
31.46 
30.70 
28.77 
29.16 


30.35 
30.00 
20.87 
30.58 
30.72 
81.19 
81.21 
30.39 
30.42 
30.11 


24.11 
23.80 
24.79 
23.37 
24.67 
24.59 
23.84 
21.83 
13.53 
13.14 
18.46 
23.55 
19.06 
25.79 
22.26 
21.17 
18.58 


82.99 
29.73 
29.58 
31.87 
31.76 
29.01 
8L57 
29.83 
31.25 


g 


11 

OQ 


238.0 
235.7 
238.9 
235.1 
235.5 
230.0 
232.3 
238.6 
232.6 
229.6 
233.1 
232.8 
232.8 


228.7 
229.2 
230.8 
225.9 
225.1 
230.4 
228.7 
229.0 
229.9 
232.0 
227.9 
218.1 
227.4 
226.2 
206.7 
226.2 
230.3 
228.7 
227.9 
23L9 


:S9 


I 


1.4555 
1.4565 
L4568 
L4567 
1.4669 
1.4574 
1.4571 
1.4552 
1.4568 
L4571 
L4572 
1.4565 
1.4569 


1.4564 
1.4562 
1.4565 
1.4568 
1.4568 
1.4561 
1.4553 
L4559 
L4561 
1.4575 


t 

I 
I 


l| 


P4 


33.81 
83.87 
32.37 
35.74 
36.33 
35.98 
87.56 
40.91 
49.44 
48.61 
44.01 
40.16 
38.28 
36.04 
36.48 
37.56 
36.36 


227.2 
226.2 
224.8 
223.9 
225.6 
222.8 
223.9 
227.1 
206.6 
207.3 
215.9 
217.9 
217.4 
223.5 
225.6 
218.7 
219.5 


•C. 

31.70 

31.02 

32.70 

31.95 

34.00 

32.80 

32.65 

33.40 

32.57 

32.07 

83.08 

32.70 

33.40 


33.00 
32.90 
82.90 
83.60 
84.85 
33.70 
33.23 
32.80 
33.48 
32.75 
32.90 
33.95 
33.90 
34.13 
33.95 
33.05 
33.65 
33.65 
33.85 
33.96 


32.69 
33.35 
84.45 
33.25 
83.00 
81.68 
32.66 
33.13 
36.23 
36.50 
32.75 
34.15 
32.80 


32.90 
83.25 
33.68 


227 
266 
204 
232 
281 
151 
157 
166 
137 
125 
164 
140 
152 


184 
171 
113 
146 
148 
206 
161 
126 
345 
122 
118 
116 
224 
164 
146 
136 
163 
159 
145 
118 
137 
153 
176 
134 
111 
91 
121 
98 
124 
212 
151 
86 
103 
87 
95 
93 
123 
115 
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cow  NO.  400. 


WMk 


1907. 

Oct.  12 
19 
26 

Nov.     2 

9 

16 

23 

30 

Dec.  7 
14 
21 
28 

1908. 

Jan.  4 
11 
18 
25 

Feb.  1 
8 
Ifi 
22 
29 
7 
14 
21 
28 
4 
11 
18 
25 
2 
9 
16 
23 
80 

June  6 
13 
20 
27 

July  4 
U 
18 
25 

Aug.     1 


Har. 


Apr. 


May 


1.0845 
1.0355 
1.0360 
1.0360 
1.0340 
1.0313 
1.0337 
1.0336 
1.0330 
1.0325 
1.0835 
1.0340 


P.CC 
0.57 
.54 
.53 
.53 
.51 
.52 
.52 
.50 
.48 
.47 
.44 
.45 


I. 

1.03301 

1.0340 

1.0328 

1.0331 

1.0351 

1.0340 

1.0350 

1.0346 

1.0334 

1.0337 

1.0843 

1.0350 

1.0340 

1.0340 

1.0332 

1.0337 

1.0344 

1.0346 

1.0347 

1.0326 

1.03X 

1.0340 

1.0328 

1.0310 

1.0300 

1.0307 

1.0300 

1.0290 

1.0900 

1.0303 


.46 

.47 

.49 

.51 

.51 

.52 

.53 

.56 

.53 

.54 

.56 

.55 

.55 

.55 

.58 

.55 

.56 

.55 

.56 

.55 

.55 

.59 

.60 

.50 

.59 

.60 

.61 

.581 

.61 

.59 

.58 


P.cfc 
0.47 
.45 
.45 
.42 
.41 
.43 
.42 
.39 
.39 
.38 
.37 
.37 


.86 
.38 
.39 
.40 
.42 
.44 
.44 
.45 
.45 
.43 
.44 
.44 
.47 
.45 
.43 
.44 
.45 
.45 
.47 
.48 
.43 
.46 
.46 
.46 
.46 
.48 
.50 
.49 
.55 
.51 
.54 


P,eL 
0.0601 
.056 
.047 
.046 
.053 
.061 
.050 
.047 
.014 
.041 
.047 
.030 


.030 
.045 
.039 
.0«8 
.044 
.062 
.055 
.020 
.068 
.046 
.030 
.038 
.057 
.064 
.063 
.042 
.037 
.052 
.050 
.045 
.048 
.045 
.044 
.046 
.051 
.049 
.028 
.022 
.028 
.031 
.021 


i 


I 


P.cL 
4.481 
4.07 
8.88 
4.03 
4.33 
8.95 
3.92 
4.17 
4.13 
4.31 
3.99 
3.54 


8.30 

8.99 

8.57 

8.73 

8.53 

3.02 

3.78 

^.55 

3.62 

8.72 

3.61 

8.79 

8.52 

4.07 

8.85 

3.95 

8.53 

3.90 

3.96 

3.53 

3.43 

3.91 

4.52 

4.35 

8.87 

4.781 

4.06 

8.91 

4.28( 

4.03 

4.20 


P.c*. 

85.841 
86.17 
86.40 
86.65 
86.42 
86.75 
87.02 
86.65 
86.42 
86.77 
87.13 
87.48 


87.95 

87.19 

87.89 

87.04 

87.09 

86.72 

87.06 

86.89 

86.83 

86.99 

86.99 

87.00 

87.31 

87.01 

86.82 

87.03 

87.12 

86.74 

86.66 

87.16 

87.60 

86.97 

86.52 

86.80 

88.31 

87.32] 

87.35 

87.30 

87.05 

87.21 

87.21 


s 
1 


P.rt. 

14.161 
13.83 
13.51 
13.35 
13.581 
13.25 
12.98 
13.35 
13.58 
13.23 
12.87 
12.52 


1^05 

12.81 

12.11 

12.96 

12.91 

13.28 

12.94 

13.11 

13.17 

13.01 

13.01 

13.00 

12.69 

12.99 

13.18 

12.97' 

12.881 

13.26 

13.34 

12.85 

12.40 

13.03 

13.48 

13.20 

11.69 

12.68 

12.65 

12.70 

12.95 

12.79 

12.79 


o 
a 


& 


P.el. 
9.681 
9.76 
9.63 
9.32 
0.25 
9.30 
9.06 
9.18 
9.45 
8.92 
&88 
8.98 


8.76 
8.82 
8.54 
9.23 
9.38 
9.36 
9.16 
9.56 
9.55 
9.29 
9.40 
9.21 
9.17 
8.92 
9.33 
9.02 
9.35 
9.36 
9.38 
9.32 
&97 
9.12 
8.96 
8.85 
7.82 
7.90 
8.59 
8.79 
8.67 
&76 
8.50 


P.CL 
6.64 
6.15 
5.30 
5.50 
4.28 
6.17 
5.06 
5.74 
5.47 
5.56 
5.40 
5.34 


5.01 
5.44 
5.04 
5.01 
4.98 
4.74 
4.75 
5.04 
5.39 
4.39 
4.58 
5.45 
5.28 
4.75 
4.87 
5.30 
5.44 
5.14 
5.09 
6.10 
4.68 
4.55 
4.54 
4.82 
4.46 
3.80 
4.24 
4.39 
8.90 
4.56 
4.29 


30.80 
29.43 
81.84 
80.91 
31.57 
31.64 
27.75 
26.26 
26.82 
27.68 
24.80 
25.49 


26.41 
37.41 
23.681 
37.44 

28.29 
29.07 
28.38 
28.56 


26.69 
26.12 
26.80 
24.02 
26.09 
23.40 
24.37 
25.41 
29.83 
24.13 
24.59 
28.17 
25.12 
94.81 
24.73 
28.33 
22.69 
28.01 
21.24 
22.00 
22.35 
22.41 


80.37 
28.40 
8L63 


81.12 
81.03 
80.80 
34.61 
41.04 
37.32 
87.91 
39.94 


39.97 
8X43 
81.65 
8L39 
81.23 
81.89 
81.69 
81.83 


82.74 
84.70 
32.50 
84.05 
88.43 
37.30 
88.04 
88.11 
83.92 
33.30 
82.66 
84.64 
33.46 
83.17 
35.84 
36.28 
85.64 
87.86 
37.86 
38.27 
38.44 
88.77 


280.1 
1 
1.5 
232.3 
236.2 
233.6 
230.6 
226.4 
222.8 
227.3 
225.9 
230.9 


286.8 

230.6 

227.6 

335.1 

228.2 

228.8 

232.3 

338.3 

331.6 

226.0 

324.1 

226.0 

226.6 

222.5 

223.01 

223.6 

225.1 

225.01 

227.5 

228.21 

225.5 

226.» 

226.1 

222.6 

220.3 

224.0 

218.2 

219.6 

216.1 

217.9 

216.5 


A 


L4663 


1.4678 


1.4566 
L4566 
1.4570 
1.4576 
1.4583 
1.4588 
1.4686 
1.4560 


1.45S8 

1.4562 
1.4572 
1.4558 
1.4552 
1.4566 
1.4655 
1.4657 
1.4561 
1.4675] 


83.90 
33.65 
83.30 
82.83 
32.85 
32.83 
32.75 
83.60 


284 


190 

274 


881 
340 
196 


317 
336 
302 
162 


186 


83.75  178 
84.20  450 
83.68  156 
84.00 
83.80 
83.60 
83. 1( 
83.55 
84.10 
84. 3f 
84.4C  202 
83.5fl  225 
83.90  203 
84.06  381 
86.3C  146 
35.85 
36.66 
86.66 
36.55 
87. 0( 
85.  H 
86.60  194 


171 


119 
168 
194 
194 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  op  Animal  Industry, 
WashingUm,  D.  C,  July  11, 1912. 

Sir:  I  have  the  honor  to  transmit,  and  to  recommend  for  publi- 
cation in  the  bulletin  series  of  this  bureau,  the  accompanying  manu- 
script entitled  **The  Influence  of  Breed  and  Individuality  on  the 
Composition  and  Properties  of  Milk,"  by  Messrs.  C.  H.  Eckles,  pro- 
fessor of  dairy  husbandry.  University  of  Missouri,  and  Roscoe  H. 
Shaw,  chemist  in  the  Daiiy  Division  of  this  bureau. 

The  experimental  work  reported  herein  forms  part  of  a  series  of 
cooperative  investigations  inaugurated  in  1906  between  the  Dairy 
Division  and  the  Missouri  Agricultural  Experiment  Station,  with  the 
object  of  studying  in  detail  the  factors  influencing  the  composition 
and  properties  of  milk  as  produced  under  normal  dairy  conditions^ 
The  first  results  of  the  work  have  been  forwarded  for  publication  as 
Bulletin  155,  entitled  ''The  Influence  of  the  Stage  of  Lactation  upon 
the  Composition  and  Properties  of  Milk." 
Respectfully, 

A.  D.  Melvin, 
Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  INFLUENCE  OF  BREED  AND  INDIVIDUALITY  ON  THE  COM- 
POSITION AND  PROPERTIES  OF  MILK. 


INTRODUCTION. 

In  1906  the  Daiiy  Division  of  the  Bureau  of  Animal  Industry,  in 
cooperation  with  the  Missouri  Agricultural  Experiment  Station, 
began  a  series  of  investigations,  the  main  object  of  which  was  to 
study  in  detail  the  factors  influencing  the  cbmposition  and  proper- 
ties of  normal  milk.  It  is  a  well-known  fact  that  although  the 
same  constituents  are  always  present  in  milk,  the  relative  amount 
of  each  is  subject  to  constant  variations.  Among  the  causes  of 
these  variations  are  known  to  be  the  breed  of  the  animal,  the  stage 
of  lactation,  the  individuality,  and  to  some  extent  the  feed,  the 
interval  between  the  milkings,  and  the  temperature  and  weather 
conditions.  It  is  also  known  that  the  first  and  the  last  milk  drawn 
differ  in  composition. 

A  large  amount  of  data  has  been  published  regarding  these  varia- 
tions, the  greater  part  of  which  deals  with  the  fat  content  alone. 
In  planning  this  series  of  investigations  it  was  arranged  to  give 
attention  first  of  all  to  the  variations  occurring  during  the  period 
of  lactation.  The  data  concerning  this  part  of  the  subject  have 
been  prepared  for  publication  as  Bulletin  155  of  the  Bureau  of  Ani- 
mal Industry,  entitled  ''The  Influence  of  the  Stage  of  Lactation  on 
the  Composition  and  Properties  of  Milk."  In  carrying  on  this  inves- 
tigation the  plans  were  so  arranged  that  the  influence  of  breed  and 
individuality  of  the  animals  could  be  studied  concurrently  with  that 
of  the  period  of  lactation,  and  a  presentation  of  these  results  is  the 
object  of  the  present  paper. 

There  is  no  lack  of  data  concerning  the  influence  of  the  breed  and 
the  individuality  of  the  animal  upon  the  composition  of  milk  as  far 
as  the  per  cent. of  the  fat  is  concerned,  although  in  practically  all 
investigations  reported  there  was  no  uniformity  in  the  rations  fed 
the  animals  and  no  data  taken  concerning  the  composition  of  the 
fat  produced.  When  the  influence  of  the  stage  of  lactation  is  not 
taken  into  account,  and  when  the  ration  is  changed  from  time  to 
time  or  varies  with  different  animals,  it  is  clearly  impossible  to  state 
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to  what  extent  any  variation  found  may  be  due  to  the  ration  fed 
and  to  what  extent  to  the  stage  of  lactation,  breed,  or  individuality 
of  the  animal.  It  is  especially  important  to  keep  the  ration  uni- 
form, since  it  has  been  demonstrated  that  the  nature  of  the  food 
has  an  important  influence,  more  particularly  in  regard  to  the  com- 
position of  the  fat. 

PLAN  OF  THE  INVESTIGATION, 

Eleven  animals  were  selected  for  the  investigation,  consisting  of  3 
representatives  each  of  the  Jersey,  Holstein,  and  Shorthorn  breeds, 
and  2  of  the  Ayrshire  breed.  These  cows  were  typical  specimens 
of  the  breed — that  is  to  say,  neither  superior  nor  inferior  producers 
of  milk,  but  about  the  average.  They  were  all  purebred  and  reg- 
istered. They  were  kept  under  much  the  same  conditions  as  would 
be  found  in  a  commercial  dairy  except  in  regard  to  the  control  of 
the  feed  of  the  animals.  The  ration  fed  was  of  uniform  composi- 
tion  throughout  the  entire  lactation  period  and  was  made  up  as 
follows: 

Choice  alfalfa  hay 3  parte. 

Grain  mixture: 

Com,  Sparta ' 

Bran,  1  part -2  parts. 

OatB,  1  part 

This  ration  supplied  the  nutrients  necessary  for  milk  production  in 
about  the  right  proportion.  The  ratio  between  the  hay  and  the 
grain  was  such  that  the  animals  would  eat  the  entire  ration  at  all 
times.  The  amount  fed  was  governed  by  the  needs  of  the  animal. 
The  animals  all  went  through  the  entire  lactation  period  with  no  ill 
effects  resulting  from  the  lack  of  variety,  and  in  no  case  was  theie 
any  serious  sickness  of  any  kind.  The  hay,  which  was  the  most 
variable  part  of  the  ration,  was  bou^t  in  lai^e  quantities  from  the 
same  soiurce  in  order  that  there  might  be  few  changes  in  its  compo- 
sition. The  animals  were  housed  at  night  in  the  bam  for  feeding 
and  milking  and  in  the  daytime  were  turned  outside  in  a  dry  lot. 
The  date  for  beginning  the  taking  of  samples  was  5  days  after  the 
birth  of  the  calf.  The  sampling  was  continued  until  the  production 
of  milk  declined  to  the  point  where  in  a  commercial  dairy  the  cow 
would  not  be  milked  longer.  A  more  detailed  account  of  the  plan 
of  the  investigation  is  found  in  Bulletin  155,  previously  mentioned. 

METHOD   OF  SAMPLING  AND    PREPARATION    OF    SAMPLES    FOR 

ANALYSIS. 

The  milk  was  weighed  immediately  after  milking  and  mixed  by 
pouring  from  one  pail  to  another.  A  sample  consisting  of  about  1 
liter  placed  in  a  glass  jar  bearing  the  number  of  the  cow  and  marked 
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with  the  amount  of  milk  produced  was  delivered  at  the  laboratory. 
A  certain  number  of  cubic  centimeters  per  pound  of  milk  produced 
was  then  measured  out  and  placed  in  a  closed  receptacle.  In  this 
manner  a  composite  sample  was  prepared  representing  the  produc- 
tion of  that  particular  cow  for  1  week.  The  milk  was  preserved  by 
the  addition  of  formalin.  At  the  end  of  the  week  the  composite 
sample  was  thoroughly  mixed  and  a  subsample  consisting  of  about 
300  c.  c.  taken  for  analysis.  The  remainder  of  the  composite  sam- 
ple was  heated  to  the  proper  temperature  and  the  cream  separated 
with  a  hand-power  separator.  The  cream  so  obtained  was  churned 
by  shaking  in  a  glass  jar,  and  the  butter  resulting  was  melted  on  a 
steam  bath.  The  methods  of  sampling  and  analysis  have  been 
described  in  detail  in  Bulletin  155;  it  is  sufficient  to  say  that  the 
methods  of  analysis  followed  were  those  of  the  Association  of  Offi- 
cial Agricultural  Chemists  wherever  possible. 

THE  TRUE  AVERAGE  PER  CENT. 

In  many  cases  in  reporting  analyses  of  milk  a  simple  average 
instead  of  a  true  average  is  given.  An  average  made  in  this  man- 
ner is  often  misleading.  In  the  case  of  the  constituents  of  the  milk 
it  generally  gives  a  result  somewhat  high,  since  milk  becomes  richer 
as  it  decreases  in  amount  toward  the  end  of  the  lactation  period. 
Unless  otherwise  stated  the  averages  given  in  this  publication  rep- 
resent true  averages.  The  average  per  cent  of  fat  for  the  lactation 
period,  for  example,  is  found  by  dividing  the  total  milk  into  the 
total  fat  produced. 

RESULTS  OF  THE  EXPERIMENTS. 

Table  1  gives  the  data  concerning  the  cows  used  in  this  investi- 
gation. Under  the  heading  ** Period  samples  were  taken"  is  shown 
the  periods  covered  by  the  samples  taken  for  analysis. 

Table  1. — Data  concerning  the  cows  used. 


Breed. 


Jeney.... 

Do.... 

Do. . . . 
Aynhire. 

Do.... 
Holstein. 

Do.... 

Do.... 
Shorthorn 

Do.... 

Do.... 


No. 

of 

oow 


4 

90 
118 
800 
301 
205 
206 
200 
400 
402 
403 


Age. 


6  10 
8  1 
11 
3 
4 
5 
6 
3 

4  4 
4  11 
6     0 


Date  of 

calving. 


Nov. 

Jan. 

Sept. 

Dec. 

Sept. 

July 

May 

July 

Sept. 

Oct. 

Feb. 


13,1006 
1,1007 
27,1006 
28,1007 
27,1007 
17,1007 
31,1007 
20,1007 
80,1007 
13,1007 
11,1908 


Date  of 
breeding. 


Dec.  30,1006 
Mar.  23,1907 

Not  bred 

Feb.  23, 1908 
Mar.  16,1908 
Dec.  1,1907 
Sept.  28, 1907 
Nov.  18, 1907 
Jan.  25,1908 
Dec.  21,1907 
July    7,1908 


Period  samples  wore  taken. 


Nov.  24, 1907,  to  Sept.  7, 1908. 
Jan.  5, 1907,  to  Nov.  30, 1907. . 
Oct.  6, 1906,  to  Oct.  26, 1907... 
Dec.  29. 1907,  to  Oct.  3, 1908. . . 
Sept.  29, 1907,  to  Sept.  18, 1908 
July  20, 1907,  to  Aug.  8, 1908. . 
June  1, 1907,  to  Apr.  4, 1908. . . 
July  20, 1907,  to  July  4, 1908. . . 
Oct.  5, 1907,  to  Aug.  1, 1908. . . 
Oct.  19, 1907,  to  JvQy  18, 1908. . 
Feb.  15, 1908,  to  Dec.  19, 1908. 


•To- 
tal 

yield 
of 

milk. 


LbB 

5.429 

6,115 

5,733 

6,276 

6,382 

8,684 

o,  994 

8,814 

6.172 

4,440 

6,530 


Av- 
erage 
fat 
con- 
tent. 


P.ct. 
4.87 
4.64 
5.36 
3.51 


To- 
tal 
yield 
of 
fat. 


Lbt, 
264.45 
284.04 
307.45 
220.34 
3.86  245.64 
3.241280.76 
2.03,263.66 
3.02273.34 
3.891201.37 
4.13183.5? 
3.36  220.62 
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TOTAL  SOLIDS. 

The  determinations  for  total  solids  were  made  by  using  the  Bab- 
cock  asbestos  method.  The  figures  given  are  in  each  case  an  average 
of  the  determinations  for  4  weekly  composite  samples.  These  are 
simple  averages.  The  averages  given  for  the  lactation  period  of  the 
animal  and  for  the  breeds  are  true  averages. 

Table  2  gives  the  percentage  of  total  solids  for  each  of  the  11  ani- 
mals used  in  the  investigation  by  4-week  periods,  the  average  for 
each  animal  for  the  period  of  lactation,  and  the  average  by  breeds. 
The  results  correspond  closely  with  those  usually  given  for  the  breeds 
included.  In  Table  3  is  given  a  compilation  of  analyses  reported  by 
several  experiment  stations  in  this  country.  The  figures  used 
include  only  those  that  represent  purebred  animals  of  the  respective 
breeds,  and  where  an  entire  period  of  lactation  is  involved.  The 
data  included  in  the  column  headed  **  Other  American  experiment 
stations"  include  all  in  print  coining  under  the  above  conditions. 
A  portion  of  this  data  was  taken  presumably  by  calculation  from  the 
specific  gravity  and  the  fat.  Since  these  animals,  owned  by  various 
experiment  stations,  represent  a  variety  of  conditions,  it  is  believed 
that  the  average  figure  given,  which  includes  all  the  data  of  such 
kind  available  up  to  the  present,  is  reasonably  accurate. 

Table  4  gives  the  composition  of  the  total  solids  in  percentage  of 
fat,  protein,  and  sugar.  The  ash  is  not  included,  since  it  was  lacking 
in  some  of  the  data,  and  furthermore,  the  amount  of  ash  is  so  uniform 
with  the  different  breeds  and  different  individuals  that  no  marked 
variations  were  found.  The  animals  supplying  the  data  from  the 
New  Jersey  and  New  York  experiment  stations  are  the  same  as  in 
Table  3. 

Table  2. — Average  percentage  of  total  solids  far  each  cow,  arid  breed  average,  by  4'Vfeei 

periods. 


Jerseys. 

Ayrshires. 

Four-week  period  No. 

• 

No.  4. 

No.  99. 

No.  118. 

Average 

for 
Jerseys. 

No.  300. 

No.  301. 

Average 

for  Ayr- 

ahirea. 

1 

1 

Per  cent. 
14.13 

Per  cent. 

Per  cent. 

Percent. 
14.13 
13.58 
13.92 
13.64 
13.60 
14.07 
14.02 
14.06 
13.76 
14.43 
14.88 
15.58 
16.10 
17.16 

Percent. 
13.07 
12.27 
12.14 
11.81 
11.66 
11.35 
11.38 
13.15 
13.56 
13.85 

Percent. 
13.20 
12.50 
12.67 
12.64 
13.09 
13.86 
13.68 
13.64 
13.49 
11.78 
13.56 
13.04 
13.37 

Percent, 
18.13 

2 

13.09 
13.30 
13.15 
12.92 
12.76 
13.04 
12.81 
13.35 
14.27 
15.15 
10.08 

14.06 
14.55 

12.39 

3 

13.36 

4 

14.14 
14.28 
14.15 
13.87 
13.77 
13.63 
14.57 

13.33 

5 

13.38 

6 

15.30 
15.16 
15.61 
14.79 
14.45 
14.42 
15.06 
16.10 
17.16 

13.11 

7 

13.01 

8 

13.39 

9 

13.53 

10.... 

13.81 

11...: 

13.55 

12 

18.04 

13 

18.37 

14 

True  average  of  total  solids . 

14  09 

13.34 

15.02 

14.09 

12.08 

12.71 

13.41 

BESULTS  OF  THE  EXPEBIMENTS. 
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Table  2. — Average  percentage  of  total  solids  for  each  cow,  and  breed  average,  by  4'ireek 

periods — Con  tinued . 


Holsteins. 

Shorthorns. 

Four-week  period  No. 

No.  206. 

No.  200. 

No.  209. 

Average 

for 
Holsteins. 

No.  400. 

No.  402. 

No.  403. 

Average 
for  Short- 
horns. 

1 

Peret. 
11.74 
11.58 
11.70 
11.95 
12.11 
11.77 
11.98 
12.16 
11.95 
12.12 
12.20 
12.50 
13.04 
13.42 

Peret. 
10.95 
10.10 
10.18 
10.27 
10.54 
10.73 
10.75 

laso 

11.01 
11.90 
13.30 

Peret. 
11.24 
10.23 
10.63 
11.07 
11.15 
10.96 
11.20 
11.23 
11.58 
12.58 
12.99 
13.51 
14.52 

Per  cent. 
11.31 
10.64 
10.84 
11.10 
11.27 
11.15 
11.31 
11.39 
11.51 
12.20 
12.83 
13.01 
13.78 
13.42 

Peret. 
13.71 
13.29 
13.05 
12.48 
13.06 
13.05 
12.96 
13.08 
13.03 
12.43 
12.84 

Peret. 
13.74 
13.29 
13.07 
13.07 
13.16 
12.97 
13.02 
12.93 
13.81 
13.94 

Peret. 
12.85 
12.16 
11.75 
11.56 
11.56 
11.65 
12.77 
12.52 
12.38 
12.90 
13.19 

Percent, 
13.43 

2 

12.91 

3 

12.62 

4 

12.37 

5 

12.59 

6 

13.56 

7 

12.92 

8 

12.84 

9 

13.07 

10 

13.09 

11 

13.02 

12 

13 

14 

True  average  of  total  solids. 

12.12 

10.73 

11.35 

11.38 

13.03 

13.01 

12. 17 

12.09 

Tablb  3. — Comparison  of  total  solids  in  this  investigation  with  results  reported  by 

American  experiment  stations. 


This  investiga- 
tion. 

New  Jersey  Ex- 
periment Sta- 
tion.i 

New  York  Ex- 
periment Sta- 
tion.* 

Other  American 
experiment  sta- 
tions. 

General  average. 

Breed. 

Num- 
ber of 
ani- 
mals. 

Average 

total 

solids. 

Num- 
ber of 
ani- 
mals. 

Average 

total 

solids. 

Num- 
ber of 
ani- 
mals. 

Average 

total 

soUds. 

Num- 
ber of 
ani- 
mals. 

Average 

toUl 

solids. 

Percent, 
14.90 
14.20 
12.98 
12.29 

Num- 
ber of 
ani- 
mals. 

Average 

toUl 

solids. 

Jerseys 

Quenueys. 

3 

Percent. 
14.09 

3 
3 
3 
8 
3 

Percent. 
14.34 
14.48 
12.70 
12.12 
12.45 

3 
2 
4 
2 

Percent. 
15.5 
14.8 
12.8 
12.2 

29 
6 

17 
9 

38 
11 
26 
17 
0 

Per  cent. 
14.70 
14.49 

Ayrshire.. 
Holstein.. 
Shorthorns 

2 
3 
3 

12.41 
11.38 
12.69 

12.72 
12.00 
12.57 

1  Neilson,  James.  Experiments  with  different  breeds  of  dairy  cows.  New  Jersey  Agricultural  Experi- 
ment Station,  Bulletin  77.    New  Brunswick,  Dec.,  1890. 

*  New  York  Agricultural  Experiment  Station,  Tenth,  Eleventh,  and  Twelfth  Annual  Reports.  Geneva, 
1891, 1892,  1883. 

Table  4. — Average  composition  of  the  total  solids  in  milk  of  dairy  cattle,  as  reported  by 

American  experiment  stations. 


Breed. 


jeKBey .  •..••■ 
Guernsey.... 

Ayishire 

Holstein 

Shorthorn... 


Fat 


New 
Jer- 
sey. 


P.et. 
33.3 
34.7 
29.1 
29.1 
29.3 


New 
York. 


P.et. 
36.4 
85.1 
37.3 
28.0 


Mis- 
soivi. 


P.et. 
35.1 


29.6 
27.1 
29.4 


Aver- 
age. 


P.et. 
34.9 
34.9 
28.7 
28.1 
29.3 


Protein. 


New 
Jer- 
sey. 


New 
York. 


P.et. 
27.6 
27.1 
27.4 
27.1 
28.3 


P.et. 
25.4 
24.7 
26.3 
27.4 


Mis- 
souri. 


P.et. 
25.8 


26.1 
28.1 
26.0 


Aver- 
age. 


P.et. 
26.3 
25.9 
26.6 
27.5 
26.4 


Sugar. 


New 
Jer- 
sey. 


P.et. 
3d.  8 
33.3 
38.1 
38.7 
38.6 


New 
York. 


P.et. 
33.4 
35.0 
40.8 
39.1 


Mis- 
souri. 


P.et. 
34.5 


89.6 
37.3 
39.3 


Aver- 
age. 


P.et, 
33.9 
34.2 
39.5 
38.4 
38.9 


The  fat  represents  from  28  to  35  per  cent  of  the  total  solids,  varying 
especially  with  the  breed  and  to  some  extent  with  the  individual. 
The  totd  solids  produced  by  the  Jersey  and  Guernsey  breeds  contain, 
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on  an  average,  34.9  per  cent  of  fat,  which  is  relatively  high  as  com- 
pared with  the  Holstein,  Ayrshire,  or  Shorthorn  breeds.  Among  the 
breeds  included  in  these  data  the  Holstein,  with  an  average  of  28.1 
per  cent,  has  the  lowest  proportion  of  fat,  while  the  Shorthorn  ranks 
next.  The  rule  is  that  those  animals  having  a  higher  per  cent  of  fat 
in  the  milk  also  have  a  relatively  larger  proportion  of  fat  in  the  solids. 
The  individual  animals  show  some  variations,  but  on  the  whole  they 
follow  the  characteristics  of  their  breed  quite  closely.  The  per  cent 
of  fat  in  the  total  solids  produced  by  the  3  Jerseys  used  in  this  inves- 
tigation varied  from  34.6  to  35.7,  the  3  Holsteins  from  26.7  to  27.3, 
while  the  3  Shorthorns  varied  from  27.7  to  31.7.  The  individual 
variation  has  to  be  taken  into  account  in  connection  with  the  total 
solids,  but  is  of  less  importance  than  is  the  variation  due  to  breed. 

FAT. 

Table  5  gives  the  percentage  of  fat  in  the  nulk  of  the  11  animals 
represented  in  the  investigation,  expressed  in  the  same  maimer  as 
the  total  solids.  The  well-known  facts  regarding  the  relative  compo- 
sition of  the  milk  for  the  4  breeds  used  is  brought  out  in  these  data. 

Table  6  gives. the  average  percentage  of  fat  in  the  milk  of  animals 
used  in  investigations  at  the  New  Jersey  and  New  YoA  experiment 
stations;  also  a  compilation  showing  the  average  per  cent  of  fat  for 
all  registered  animals  of  the  respective  breeds,  the  records  of  which 
have  been  published  by  American  experiment  stations.  This  table 
includes  only  data  relating  to  purebred  animals  and  where  it  is  possi- 
ble to  obtain  a  true  average  per  cent  of  fat  for  the  entire  period  of 
lactation.  It  is  believed  that  the  summary,  representing  as  it  does  a 
large  number  of  animals  in  different  States  under  somewhat  compar- 
able conditions,  gives  a  reliable  average  as  to  the  fat  content  of  the 
milk  of  the  breeds  represented. 

Table  5. — Average  percentage  of  fat  for  each  coWy  and  breed  average^  by  i-week  periods. 


Jerseys. 

Ayrshires. 

Four-week  period  No. 

No.  4. 

No.  99. 

No.  118. 

Avera^ 

for 
Jerseys. 

No.  300. 

No.  301. 

Average 
for  Ayr- 
shires. 

1 

Percent. 
6.17 
4.63 
5.07 
4.85 
4.81 
5.00 
4.73 
4.51 
4.73 
5.18 

Percent. 
5.22 
4.79 
4.43 
4.40 
4.33 
4.22 
4.36 
4.18 
4.63 
4.98 
5.62 
6.07 

PereejU. 

PercenL 
5.20 
4.91 
5.02 
4.79 
4.88 
4.98 
4.93 
4.83 
4.84 
4.88 
5.23 
5.68 
5.48 
6.47 

Percent. 
4.01 
3.61 
3.38 
3.36 
8.32 
3.26 
3.30 
3.53 
3.74 
4.52 

Percent. 
3.87 
3.74 
3.81 
3.81 
4.08 
3.78 
3.95 
3.94 
3.67 
3.58 
4.92 
3.96 
4.18 

Percent. 
3  97 

2 

5.31 
5.55 
6.11 
5.51 
5.71 
5.69 
5.80 
5.17 
4.47 
4.83 
5.28 
5.48 
6.47 

3.68 

3 

3  60 

4 

S  59 

6 

3  70 

6 

3  52 

7 

3.63 

8 

3  74 

9 

8  71 

10 

11 

4.06 
4  92 

12 

8  96 

13 

4.18 

14 

True  average  of  total  fat. . 

4.87 

4.64 

5.36 

4.95 

3.51 

3.86 

3.68 

'     BESULTS  OF  THE  EXPBBIMEKT8. 
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Table  5. — Average  percentage  of  fat  for  each  otwo,  and  breed  average,  by  4'weeh  periode — 

Continued. 


• 

Holsteins. 

Shorthorns. 

rour-week  period  No. 

No.  206. 

No.  206. 

No.  209. 

Average 

for 
Holsteins. 

No.  400. 

No.  402. 

No.  403. 

Average 
for  Short- 
horns. 

1 

P.et. 
3.24 
3.14 
3.02 
3.25 
3.29 
3.06 
3.26 
3.25 
3.15 
3.31 
3.31 
3.49 
3.68 
3.68 

P.ct. 
3.07 
2.88 
2.68 
2.84 
2.80 
3.06 
2.88 
3.00 
8.00 
3.09 
3.40 

P.ct. 
8.12 
2.60 
2.74 
3.24 
8.14 
2.81 
2.94 
3.01 
3.01 
3.52 
3.46 
3.90 
6.28 

Per  cent. 
3.14 
2.87 
2.78 
3.11 
3.11 
2.96 
3.03 
3.09 
3.06 
3.31 
3.30 
3.09 
4.48 
3.68 

P.cf. 
4.12 
4.09 
3.99 
3.66 
3.70 
3.69 
3.86 
3.73 
4.05 
4.16 
4.17 

P.ct, 
4.66 
4.17 
3.97 
3.80 
3.84 
3.92 
3.98 
3.90 
4,67 
4.42 

P.ct. 
3.68 
3.38 
3.18 
3.16 
3.14 
3.13 
3.23 
3.66 
3.85 
4.00 
4.06 

Percent. 
4.08 

2 

3.88 

3::::r:::::::::::::::::::::::::: 

3.71 

4 

3.64 

5 

3.66 

6 

3.58 

7 

3.69 

8 

3.73 

9 

4.19 

10 

4.19 

11 

4.U 

12 

13 

14 

True  average  of  total  lat... 

3.23 

2.03 

3.10 

3.09 

3.89 

4.13 

8.37 

3.73 

Tablb  6. — Average  percentage  cffat  in  milk  qf  dairy  cattle,  at  reported  by  American 

experiment  stations. 


New  Jersey. 

New  York. 

Missouri. 

All  American  ex- 
periment stations. 

Breed. 

Number 

of 
ftTilmals. 

Average 
fat 

Number 

of 
animals. 

Average 
fat. 

Number 

of 
animals. 

Average 
fat 

Number 

of 
animals. 

Average 

Jersev 

3 
3 
3 
3 
3 

Percent. 

4.78 
6.02 
3.68 
8.51 
3.66 

3 
2 

4 
2 

Percent. 
5.60 
5.16 
3.67 
3.28 

3 

Percent. 
4.'&6 

163 
21 
24 
83 
40 
9 

Percent. 
6.14 

Gnonsey 

4.98 

AyT?lhirfi--.r.             T        -.r- 

2 
3 
3 

3.68 
3.09 
3.73 

3. 86 

Hblstein 

3.46 

Shorthorn. 

3.63 

Red  Poll 

4.03 

It  is  a  well-known  fact  that  individuals  within  a  breed  vary  consid- 
erably in  the  percentage  of  fat.  The  data  here  given  are  too  limited 
to  contribute  much  of  value  on  this  point.  While  by  far  the  greater 
number  of  individuals  within  the  breed  will  come  close  to  the  average 
for  that  breed,  a  comparatively  few  vary  widely.  It  is  characteristic 
of  the  breeds  having  the  higher  percentage  of  fat  to  show  the  greater 
individual  variations.  The  percentage  of  fat  secured  during  a  lacta- 
tion period  may  also  be  influenced  to  some  extent  by  the  time  of  the 
year  in  which  the  milking  period  began.^  On  the  average  the  milk 
produced  during  the  fall  and  early  winter  has  a  higher  percentage  of 
fat  than  that  produced  by  the  same  animal  in  the  early  spring  and 
summer.  For  this  reason  the  cow  that  is  fresh  in  the  fall  and  pro- 
duces the  largest  quantity  of  milk  during  the  cool  weather  will  have 
a  higher  average  test  for  the  year  than  will  be  the  case  if  she  freshens 
in  the  spring  and  produces  the  maximum  yield  duriug  the  period  of 
warm  weather. 

"■ -nil. -     ■   ■    ■ --  ^ 

1  EcUes,  C.  H.    Jahresseitliche  Schwankungen  des  prozentischen  Fettgehaltes  in  Kuhmilk.    Milch- 
wirtschaftlicfaes  Zentralblatt,  vol.  5,  no.  11,  p.  488-602.    Leipzig,  Nov.  1909. 
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TOTAL  PROTEIN. 

Table  7  gives  the  percentage  of  total  nitrogen  as  protein  for  each 
individual  and  the  average  for  each  breed.  The  .totals  are  also  cal- 
culated as  protein  by  using  the  factor  6.38.  The  results  show  a 
decided  influence  due  to  the  breed  of  the  animals,  the  Jersey  having 
a  uniformly  higher  percentage  of  protein  than  the  others.  The  Hoi- 
steins  are  the  lowest,  while  the  Shorthorns  and  Ayrshires  range 
between  the  Holsteins  and  Jerseys.  The  marked  influence  exerted 
by  the  stage  of  lactation  upon  the  proportion  of  this  constitutent 
present  can  be  seen  from  the  data  given  and  has  been  shown  in  a 
previous  publication.^ 

Table  8  is  a  compilation  from  the  same  sources  as  used  in  previous 
tables  showing  the  average  percentage  of  protein  in  the  milk>.of  5 
breeds.  It  will  be  noted  that  the  figiu*es  obtained  at  the  Missouri 
Experiment  Station  for  Holsteins,  Jerseys,  and  Ayrshires  are  some- 
what lower  than  those  obtained  at  the  New  Jersey  and  New  York 
stations,  while  the  figure  for  the  Shorthorns  is  slightly  above.  There 
is  some  variation  with  the  individuals  regarding  the  amount  of  this 
constituent  secreted,  as  is  the  case  with  other  constituents  of  the 
milk.  The  individuals  and  breeds  having  the  higher  percentage  of 
fat  have  at  the  same  time  the  higher  percentage  of  protein.  The 
same  animals  also  have  a  higher  ratio  of  fat  to  protein.  With  the 
11  cows  used  in  our  investigation,  for  each  pound  of  protein  there 
was  found  in  the  milk  of  the  Jerseys  1.36  pounds  of  fat,  in  the  Ayr- 
shires 1.13,  in  the  Shorthorns  1.10,  and  in  the  Holsteins  1.05.  While 
an  individual  or  a  breed  that  produces  milk  with  a  high  percentage 
of  fat  is  certain  to  have  a  high  percentage  of  protein  as  well,  the  pro- 
tein and  the  fat  do  not  increase  in  the  same  proportion. 

Tablb  7. — Average  total  nitrogen  for  each  eoWj  and  breed  average,  &y  A-wetk  periodic  and 
average  total  niirogen  and  protein  for  the  whole  ladalvm  period. 


Four-week  period  No. 

Jerseys. 

Ajrnhlres. 

No.  4. 

No.  99. 

No.  118. 

Average 

for 
Jerseys. 

No.  800. 

No.  301. 

Avenge 

for  Ayr- 

shlree. 

1 

Percent. 
0.52 
.63 
.57 
.61 
.60 
.59 
.59 
.67 
.62 
.66 

Percent, 
0.61 
.51 
.51 
.48 
.49 
.49 
.48 
.60 
.52 
.56 
.62 
.66 

Percent. 

Percent, 

0.52 

.52 

.65 

.55 
.58 
.58 
.58 
.57 
.59 
.62 
.63 
.68 
.75 
.77 

Percent. 
0.53 
.47 
.48 
.47 
.46 
.47 
.46 
.49 
.67 
.67 

Percent. 
0.56 
.50 
.48 
.51 
.  .51 
.53 
.51 
.50 
.53 
.53 
.53 
.67 
.65 

Percent. 
0.54 

2 

0.51 
.56 
.54 
.65 
.65 
.67 
.64 
.64 
.64 
,        .66 
.70 
.75 
.77 

.48 

3 

.48 

4 

.40 

6 

.40 

6 

.60 

7 

.40 

8 

.50 

9 

.55 

10 

.60 

11 

.68 

12 

•% 

13.. 

]4 1 

True    average    of   total 
nitrogen 

.58 
3.70 

i 

.61 
3.27 

.62 
3.97 

.67 
3.64 

.49 
3.11 

.52 
3.38 

.51 

True   average    of    total 
protein 

3.25 

1  Bulletin  155,  Bureau  of  Animal  Industry,  U.  S.  Department  of  Agriculture.    Washington,  1912. 
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Tablb  7. — Avetaae  total  nittogenfof  eadi  cowy  trnd  breed  average j  by  4^wuh  periodSy  and 
avenge  total  nitrogen  and  protein  for  the  whole  lactation  period — GontiDued. 


FMr-week  period  No. 

Holsteins. 

Shortbonis. 

No.  205. 

No.  206. 

No.  209. 

Ayeiage 

for 
Holsteins. 

No.  400. 

No.  402. 

No.  403. 

.Averaget 

for  Sbotr- 

homs. 

1.. 

• 

P.ct. 
0.49 
.43 
.44 
.44 
.45 
.45 
.45 
.44 
.48 
.48 
.51 
.55 
.50 
.65 

P.ct. 
0.44 
.38 
.37 
.39 
.42 
.42 
.41 
.43 
.44 
.51 
.71 

P.rt. 
0.50 
.45 
.45 
.47 
.45 
.46 
.50 
.40 
.52 
.60 
.65 
.73 
.71 

P.ct. 
0.48 
.42 

.42 
.43 
.44 
.44 
.45 
.45 
.48 
.53 
.62 
.64 
.65 
.65 

P.ct. 
a54 
.51 
.46 
.48 
.53 
.54 
.56 
.56 
.58 
.60 
.50 

P.cf. 
0.53 
.52 
.51 
.54 
.55 
.55 
.55 
.57 
.63 
.70 

P.ct. 
0.52 
.49 
.47 
.47 
.49 
.51 
.53 
..57 
.58 
.60 
.64 

P.ct. 
0.53 

2 

.51 

3 

.48 

4 

•  50 

5 

.52 

6 •. 

.53 

7 

.55 

8 

.57 
•W 
•63 
•61 

9 

10 

11 

12 

IS 

14 - 

True    average    of    totrf 
nitrofcen 

•  • 

.47 
8.00 

.42 
2.70 

.50 
8.21 

.46 
2.93 

.58 
3.40 

.55 
3.49 

.51 
3.28 

•53 
3.38 

True    avwagB    of    total 
pcotain 

Tablb  8. — Average  percentage  of  total  protein  in  milk  of  dairy  caUlCy  ae  reported  by 

American  experiment  etatione. 


New  Jersey. 

Now  York. 

Missouri. 

Average. 

Breed. 

Number 
of 

Average 
protein. 

Number 

of 
anlmah. 

Average 
protein. 

Number 

of 
animals. 

Average 
protein. 

Number 

of 
animals. 

Average 
protein. 

Jersey 

8 
8 
3 
8 
3 

Percent. 
3.96 
3.92 
3.48 
3.28 
3.27 

3 

2 

4 
2 

Pereent. 
3.81 
3.75 
3.29 
8.23 

8 

Percent. 
3.64 

9 
5 
9 

Percent. 
3.80 

Guernsey 

3.84 

Ayrshire 

2 
3 
3 

3.25 
2.93 
3.38 

3.34 

Hxilsteln 

8               3.15 

Shortboni. 

6 

3.32 

CASEIN. 

Table  9  gives  the  average  percentage  of  protein  in  the  form  of 
casein  for  each  individual  and  for  each  breed.  Much  the  same  range 
of  variation  is  foimd  here  as  is  the  case  with  the  total  protein.  The 
percentage  of  the  total  protein  present  as  casein  was  for  the  Holstein 
milk  80.4,  the  Jersey  80.7,  the  Ayrshire  83,  and  the  Shorthorn  83.5. 
No  special  breed  characteristics  can  be  observed  in  regard  to  the 
relation  of  casein  to  the  total  protein.  The  individual  variation  is 
of  some  importance,  but  not  so  very  much. 
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Table  9.— Average  auein^  nitrogen  for  each  cow,  and  breed  average,  by  4^week  periods^ 
and  average  eaeein  nitrogen  and  eoMeinjor  the  vihole  laeUUion  period. 


Four-week  period  No. 

Jeraejrs. 

Ayrshlres. 

No.  4. 

No.  99. 

No.  118. 

Average 

for 
Jerseys. 

No.  300. 

No.  301. 

Avefage 
for  Ayr- 
shins. 

1.. 

Percent. 
0.44 
.38 
.48 
.40 
.48 
.48 
.47 
.46 
.60 
.62 

PereenL 
0.42 
.41 
.40 
.40 
.40 
.40 
.39 
.40 
.42 
.46 
.61 
.68 

PereenL 

Percent. 
0.43 
.37 
.45 
.44 
.47 
.47 
.47 
.47 
.48 
.49 
.61 
.64 
.61 
.68 

Percent. 
0.44 
.40 
.40 
.38 
.39 

•2 

.39 
.44 

.62 
.69 

PereenL 
0.66 
.60 
.48 
.61 
.61 
.63 
.61 
.60 
.63 
.68 
.63 
.67 
.66 

PereenL 
0  60 

2.. 

.82 

.48 
.42 
.54 
.52 
.54 
.54 
.61 
.60 
.61 
.66 
.61 
.68 

.46 

8 

44 

4.. 

« 

45 

6 

.46 

6 

46 

7 

.48 

8 

47 

9 

.61 

10 

.60 

11 

.68 

12 

"  •••••■••• 

.67 

13 - 

•••••••• 

•66 

14.. 

True  averace  of  casein 
nitrogeD 

.46 
2.93 

.42 
2.65 

.49 
3.13 

.46 
2.93 

.41 
2.62 

.44 
2.81 

.42 

True  average  of  casein 

2.70 

Four-week  period  No. 

Holstelns. 

Shorthorns. 

No.  206. 

No.  206. 

No.  200. 

Average 

for 
HoUtelns. 

No.  400. 

No.  402. 

No.  403. 

Average 

forflhort- 

hflcns. 

1.. 

PereL 
0.40 
.36 
.34 
.36 
.37 
.38 
.37 
.37 
.38 
.39 
.43 
.45 
.51 
.57 

Peret. 
0.34 
.30 
.29 
.30 
.32 
.33 
.31 
.38 
.36 
.42 
.68 

PereL 
0.39 
.84 
.34 
.36 
.85 
.36 
.39 
.40 
.41 
.49 
.53 
.69 
.68 

Peret. 
0.38 
.83 
.82 
.34 
.35 
.36 
.36 
.87 
.38 
.43 
.51 
.52 
.54 
.57 

PereL 
0.45 
.41 
.38 
.38 
.44 
.44 
.45 
.46 
.45 
.48 
.63 

Peret. 
0.44 
.48 
.42 
.44 
.46 
.44 
.46 
.46 
.68 
.66 

PereL 
0.42 
.88 
.86 
.87 
.87 
.43 
.46 
.47 
.46 
.45 
.48 

PereL 
0.44 

2 

.41 

3 

.39 

4 

.39 

5 

.42 

6 

.44 

7 

.45 

8 

.46 

9 

.48 

10 

.40 

11 

.61 

12 

18 

14. 

•     *  * 

True   avenge   of  casein 
nitrogen 

.39 
2.49 

.33 
2.11 

.39 
2.49 

.37 
2.36 

.43 
2.74 

.45 

2.87 

.41 
2.62 

.48 

True  avenge  of  casein 

2.74 

RELATION  OF  THE  CASEIN  TO  THE  PAT. 

The  relation  between  the  fat  and  the  casein  is  of  considerable 
interest  on  account  of  the  possibility  it  aflFords  of  calculating  the 
casein  content  from  the  fat  analyses  and  its  relation  to  methods  of 
paying  for  milk  of  varying  quality  to  be  used  for  cheese  making. 
Van  Slyke  ^  formulated  a  rule  for  estimating  the  casein,  limited  in 
its  application  to  milk  with  fat  contents  between  3  and  4.5  per  cent. 
Shuttleworth '  showed  that  considerable  variations  occur  with  indi- 
vidual cows  regarding  the  relation  of  fat  to  casein. 

I  Van  SlykB,  Ludus  L.  Modem  methods  of  testing  milk  and  milk  products.  New  York,  1907.  See 
p.  192. 

*  Ontario  Agricultural  College  and  Experimental  Farm,  Twenty-first  Annual  Report  (1895),  pp.  19-27. 
Toronto,  1896^ 
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Hart  *  studied  the  relation  between  the  fat  and  the  casein  in  the 
milk  of  26  cows  representing  5  breeds  and  covering  12  days'  time. 
He  finds  that  ''the  relation  of  casein  to  fat  varies  among  animalg  of 
different  breeds  and  among  animals  of  the  same  breed."  His  data 
averaged  by  breeds  are  as  follows: 


Breed. 


Jersey. . . 
Querzuey 
Holstein. 
Ayrahiie. 


Relation 

of  fat  and 

casein. 


1.72:1 
1.90:1 
1.49:1 
1.44:1 


The  following  gives  the  relation  of  the  fat  to  the  casein  in  the  milk 
of  each  of  the  11  cows  used  in  our  investigation: 


Breed. 

No. 

Ratio  Of 

liftttO 

Jersey 

4 

99 

118 

1.66:1 
1.76:1 
1.71:1 

Do 

Do 

ATeraga  for  Jerseys 

1.69:1 

Ayrshire 

300 
801 

1.20:1 
1.47:1 

Do 

Average  for  Ajrrshires. . . . 

1.36:1 

Holstein .-. 

205 
206 
209 

1.30:1 
1.38:1 
1.25:1 

Do 

Do 

Averase  for  Holstelns. . . . 

1.31:1 

Shorthorn 

400 
402 
403 

1.35:1 
1.44:1 
1.29:1 

Do 

Do 

A  veraee  for  Shorthorns . . . 

1.36:1 

The  above  statement,  representing  as  it  does  in  each  case  the 
entire  lactation  period  of  the  animal  fed  a  uniform  ration,  gives  a 
fair  basis  from  which  to  study  this  question.  The  figures  show  that 
there  is  a  variation  in  the  ratio  between  the  fat  and  the  casein  that  is 
dependent  upon  breed.  There  is  little  difference  between  the 
Holstein,  Ayrshire,  and  Shorthorn  breeds,  but  the  Jersey  shows  a 
much  wider  ratio  than  the  others.  A  study  of  the  figures  for 
the  individual  animals  shows  a  reasonably  close  agreement  within 
the  breed.  The  conclusion  from  our  data  would  be  that  while  there 
is  some  variation  with  the  individual  the  variation  due  to  breed  is  of 
greater  importance,  and  that  the  breeds  that  have  the  highest  per- 
centage of  fat  have  the  widest  ratio  between  the  fat  and  the  casein. 


1  Hart,  E.  B.    Variations  in  the  amount  of  casein  in  oow's  milk.    Journal  of  the  American  Chemical 
Society,  Yol.  80,  No.  2,  pp.  281-285.    Eastim,  Pa.,  Feb.,  1908. 
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SUGAR. 

The  sugar  content  was  determined  by  the  optical  method.*  The 
results  are  found  in  Table  10.  This  table  shows  that  the  percentage 
of  sugar  in  the  milk  of  the  Jersey,  Ayrshire,  and  Shorthorn  breeds  was 
practically  the  same,  while  that  in  the  Holstein  was  somewhat  lower. 

Table  11  gives  the  average  percentage  of  sugar  from  the  same 
sources  as  previously  used.  The  average  figures  show  that  the 
Holstein  breed  has  a  somewhat  lower  percentage  of  sugar  than  the 
other  breeds,  although  the  variation  is  small  as  compared  with  that 
of  other  constituents.  It  is  a  well-established  fact  that,  with  the 
exception  of  the  ash,  sugar  is  the  least  subject  to  variations  of  the 
milk  constituents.  Some  variation,  however,  is  found  with  the 
individuals.  This  is  especially  noticeable  with  the  Holsteins,  where 
one  has  an  average  of  5.05  per  cent  and  another  4.25  per  cent.  The 
sugar  composes  from  34  to  39  per  cent  of  the  total  solids,  varying  in 
this  respect  with  the  breed. 

Table  10. — Average  percentage  of  sugar  for  each  cow,  and  breed  average,  by  4-v)eeh  periods. 


1 

Jerseys. 

Ayishires. 

Fourweek  period  No. 

No.  4. 

No.  99. 

No.  118. 

• 

Average 

for 
Jeraeys. 

No.  300. 

No.  301. 

Average 
for  Ayr- 
shires. 

1 

1 

Per  cent. 
4.89 
4.9B 
4.87 
6.28 
6.12 
5.00 
4.39 
4.45 
4.67 
4.60 

Percent. 
4.94 
5.15 
5.17 
5.06 
5.04 
4.50 
4.62 
5.14 
4.62 
5.03 
5.02 
5.61 

Percent. 

Per  cent. 
4.92 
4.87 
4.91 
4.97 
4.99 
4.90 
4.70 
4.99 
4.62 
4.79 
4.96 
6.17 
4.46 
5.22 

PereerU. 
5.14 
4.81 
4.64 
4.87 
4.96 
4.57 
4.82 
5.06 
5.13 
4.89 

Percent. 
5.17 
4.72 
5.62 
5.16 
4,77 
4.43 
5.38 
5.13 
4.85 
4.88 
4.89 
5.04 
5.13 

Percent. 
5.16 

2 

3 

4 

4.47 
4.70 
.4.56 
4.83 
5.21 
5.20 
6.40 
4.57 
4.73 
4.90 
4.72 
4.46 
5.22 

4.77 
5.13 
5.02 

6 

6 

4. 87 
4.50 

7 

5.10 

8 

5.11 

0 

4.99 

10 

4.64 

11 

4.89 

12 

5.04 

13 

5.13 

14 

True  total  average 

4.85 

4.95 

4.80 

4.87 

4.85 

4.96 

4.90 

Four-week  period  No. 


Holsteins. 


No.  205. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

True  total  average 


Perct. 
4.09 
4.98 
4.81 
5.18 
6.42 
6.37 
5.20 
4.76 
5.10 
5.12 
5.13 
5.02 
4.89 
4.81 


5.05 


No.  206, 


Perct. 
4.07 
4.49 
4.44 
4.12 
4.26 
4.04 
4.74 
4.25 
4.09 
3.94 
4.50 


4.26 


No.  209. 


Perct. 
4.40 
4.00 
4.17 
3.95 
4.42 
4.36 
4.16 
3.94 
4.43 
4.62 
4.79 
4.15 
4.30 


4.25 


Average 

for 
Holsteins. 


Perct. 
4.39 
4.49 
4.48 
4.42 
4.70 
4.59 
4.70 
4.32 
4.54 
4.56 
4.81 
4.64 
4.60 
4.81 


4.51 


Shorthorns. 


No.  400. 


Perct. 
5.40 
6.06 
5.44 
5.13 
4.87 
4.95 
5.06 
5.19 
4.66 
4.22 
4.25 


No.  402. 


Perct. 
4.77 
5.32 
5.09 
4.72 
4.55 
5.09 
5.29 
4.73 
4.61 
4.31 


5.04 


No.  403. 


Perct. 
5.21 
5.22 
6.39 
5.00 
4.58 
5.16 
4.98 
6.11 
4.08 
4.17 


Average 
for  Short- 
horns. 


4.91 


4.98 


Perct. 
6.13 
5.20 
6.31 
4.95 
4.67 
5.07 
5.11 
5.01 
4.45 
4.23 
4.25 


4.99 


1  OflSdal  and  provisional  methods  of  analysis.     U.  S.  Department  of  Agriculture,  Bureau  of  Chemistiy, 
Bulletin  107  (revised).    Washington,  1908.    See  p.  118. 
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Tablb  11. — Average  percentage  ofeiLgar  in  milk  qf  dairy  eaitle,  as  reported  by  American 

experiment  stations. 


Breed. 


Jersey 

Guernsey. 
Ayrshire.. 
Holstein.. 
Shorthorn 


New  Jersey. 

New  York. 

Missouri. 

Average. 

Number 
of 

Average 
sugar. 

Number 

of 
animals. 

Ayerage 
sugar. 

Number 
of 

Animal^, 

Average 
sugar. 

Number 

of 
animals. 

Average 
sugar. 

3 
3 

Percent. 
4.85 
4.80 

4.84 
4.09 
4.80 

3 

a 

4 

2 

Percent. 
5.41 
5.16 
5.33 
5.02 

3 

Per  cent. 
4.87 

9 
5 
9 
6 
6 

Percent. 
5.04 
4.98 

3 
3 
3 

2 
3 
3 

4.90 
4.25 
4.99 

5.02 
4.65 
4.89 

THE   CHEMICAL  AND   PHYSICAL  CONSTANTS   OF  THE   FAT. 

While  the  previously  published  data  regarding  the  constituents  of 
milk  are  extensive,  little  is  in  print  concerning  the  chemical  and  physi- 
cal constants  of  the  fat  as  influenced  by  the  breed  and  individuality  of 
the  anunal,  with  the  exception  of  the  relative  size  of  the  fat  globules. 
Veith  *  studied  the  milk  of  3  breeds  of  cows  and  concluded  that  the 
breed  does  not  have  any  appreciable  influence  upon  the  nature  of  the 
fat.  Kirchner'  states  that  the  composition  of  the  fat  is  dependent 
mostly  upon  the  stage  of  lactation  and  the  food  of  the  animal,  but  also 
varies  to  some  extent  with  the  individual  animal. 

The  object  of  the  investigations  herein  reported,  as  far  as  the  varia- 
tions due  to  breed  and  individuality  are  concerned,  was  especially  to 
gather  data  concerning  the  fat.  Since  the  rations  fed  the  animals  was 
uniform  in  all  cases,  the  variations  found  can  reasonably  be  attributed 
to  the  influence  of  the  breed  or  of  the  individual. 

RELATIVE   SIZE  OF  THE  FAT  GliOBULES. 

The  determination  of  the  relative  size  of  fat  globules  was  introduced 
by  Babcock.'  A  description  of  this  method  of  measurement  is  also 
found  in  Bulletin  111,  Bureau  of  Animal  Industry,  United  States 
Department  of  Agriculture.  The  method  is  essentially  one  of  com- 
paring the  average  volumes.  It  has  been  observed  by  several  inves- 
tigators that  the  breed  of  the  animal  has  a  decided  influence  upon  the 
size  of  the  fat  globules.  Jones  ^  found  that  the  milk  of  the  Holstein 
had  a  much  larger  proportion  of  small  fat  globules,  while  the  Jersey 
and  the  Guernsey  had  the  lai^est,  the  Ayrshire  standing  between. 
Woll  ^  gives  the  following  data  concerning  the  size  of  the  fat  globules 

1  Vieth,  P.  ButterfBtt-Untersuchungen  nach  Reichert-Wollny 's  Methode.  Milch  Zeltung ,  vol.  18,  no. 
28,  p.  541-^645.    Bremen,  July  10, 1889. 

*Klrchner,W.    Handbuch der Milchwirtschaft.    Berlin,  1896.    Seep.  16. 

•New  York  Agricultural  Experiment  Station,  Fourth  Annual  Report  (1885),  p.  293-302.    Albany,  1886. 

« Jones,  L.  R.  Study  of  milk  globules.  Vermont  Agricultural  Experiment  Station,  Fourth  Annual 
Report  (1890),  p.  65-09.    Burlington,  1891. 

•  Woll,  F.  W.  The  fat  globules  in  cows'  milk.  Wisconsin  Agricultural  Experiment  Station,  Eleventh 
Annoal  Report  (1894),  p.  223-239.    Madison,  1895. 
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in  the  milk  of  the  3  breeds  which  were*  entered  in  competition  at  the 
Columbian  Exposition  at  Chicago  in  1893: 


Breed. 

Number 

OfOOWB. 

Relative 

else  of 

globules. 

Average 

Jeney 

25 

200 
217 
177 

Jikrofu. 
3.95 
3.58 
3.35 

Guernsey 

Shorthom 

1             25 
24 

Gutzeit^  gives  the  average  diameter  of  the  fat  globules  in  his  inves- 
tigation as  follows: 

Mkrotu. 

Jersey 3. 60 

Shorthom 2.76 

Holstein 2.58 

Table  12  gives  the  relative  size  of  the  fat  globules  as  determined  for 
each  of  the  1 1  animals  used  in  our  investigation  and  the  averages  for 
the  breeds.  This  table  shows  the  same  results  as  noted  by  others,  the 
Jersey  having  by  far  the  largest  fat  globules,  while  the  Holstein  have 
the  smallest,  the  Shorthom  standing  between  the  Holstein  and  the 
Jersey.  The  comparative  size  of  the  fat  globules  in  the  milk  of  these 
4  breeds  is  illustrated  graphically  in  figure  1.    The  chief  difference 


AYRSHIRE 
jtRSVf  SHORTHORN 

Fio.  1.— Relative  sixe  of  the  fat  globules  in  tbe  milk  of  dairy  cattle. 


HOLSTEIN 


between  the  size  of  the  fat  globules  with  the  different  breeds  is  that 
with  the  Jersey  there  is  a  greater  proportion  of  the  larger  globules  and 
that  the  milk  of  the  other  breeds  contains  a  limited  number  as  large 
as  the  lai^est  in  the  Jersey  milk.  The  milk  of  the  Holstein  breed  is 
especially  noticeable  in  containing  a  large  number  of  small  fat  globules, 
together  with  a  wide  variation  in  size. 

The  table  shows  that  the  individuality  of  the  animal  has  some  influ- 
ence upon  the  size  of  the  fat  globules,  but  it  is  of  less  importance  than 
the  breed  characteristic.  The  milk  of  an  Ayrshire  or  a  Holstein  can 
be  distinguished  from  that  of  a  Jersey  with  considerable  certainty  by 
the  characteristic  of  the  fat  globules  alone.     The  Shorthorn,  on  the 

1  Qutzelt,  Erzist.  Die  Schwankungen  der  mittleren  QrSsse  der  FettkOgelchen  in  der  Kuhmllch  nacfa 
Laktatlon,  Futterung  und  Basse,  sowle  Ober  den  physikalischen  und  chemischen  Unterscbied  der 
grOssten  und  kleinsten  Fettkfigelcben.  Landwirthscbaftllche  JahrbQcher,  vol.  24,  p.  539-667.  Berlin, 
1895.    Seep.  648. 
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other  hand,  has  fat  globules  that  in  many  cases  are  as  large  as  those 
contamed  m  the  milk  of  the  Jersey,  although  less  uniform  in  size. 

Table  12. — Relative  size  of  fat  globules  in  milk  of  each  cow,  and  breed  average^  by  4-week 

periods. 


Four  week  period  No. 

Jerseys. 

Ayrsblres. 

No.  4. 

No.  99. 

No.  118. 

Average 

for 
Jerseys. 

No.  300. 

No.  301. 

Average 
for  Ayr- 
shires. 

1 

363 
423 
370 
229 
267 
267 
235 
299 
318 
228 
167 

558 

339 
325 
274 
264 
349 
370 
367 
270 
209 
263 
315 

460 
381 
371 
461 
296 
326 
302 
333 
306 
232 
257 
2/2 
438 
461' 

235 

163 

148 

135 

115 

133 

93 

80 

75 

129 

232 

189 
142 
156 
165 
178 
163 
151 
146 
114 
146 
93 
110 

234 

2 

176 

3 

417 
879 
358 
373 
301 
334 
335 
259 
342 
229 
438 
461 

145 

4 

145 

5 

140 

6 

156 

7 

128 

8 

116 

9 

111 

10 

122 

11 

146 

12 

03 

13 

110 

14, .- - - 

True  ftverase  of  relative 
siseofglobuliw 

309 

336 

338 

328 

141 

160 

150 

Four-week  period  No. 

Holsteins. 

Shortbonu. 

No.  206.  ] 

No.  206. 

No.  209. 

Average 
for  • 
HolsteiUB. 

No.  400. 

No.  402. 

No.  403. 

Avenge 

for  Short- 

bonis. 

1 

242 

147 
148 
147 
127 

82 
107 

96 

98 

90 

81 
117 
102  . 
179  . 

253 

269 

124 

157 

134 

156 

132 

110 

96 

74 

79 

321 

139 

136 

138 

104 

89 

96 

99 

106 

79 

63 

76 

118 

272 

186 

136 

147 

122 

109 

112 

102 

99 

81 

74 

97 

110 

179 

442 
503 
317 
246 
250 
277 
231 
197 
214 
179 
194 

566 
561 
394 
274 
280 
282 
271 
214 
213 
193 

357 
303 
213 
183 
134 
141 
146 
147 
203 
175 
128 

456 

2 

486 

306 

4 

234 

6 

221 

6 

217 

210 

8 

186 

9 

210 

10 

182 

11 

161 

12 

13 

14 

True  average  of  relative 
sise  of  globules 

127 

164 

IM 

142 

311 

353 

211 

282 

TBB  REICHERT-lfEISSL  NUMBER.^ 

The  results  for  the  Reichert-Meissl  number  are  given  in  Table  13. 
The  Holsteins  show  the  lowest  figure  for  the  number,  although  the 

1  This  and  the  two  succeeding  constants  of  the  f^t  were  determined  by  official  methods,  the  details  of 
which  may  be  found  in  Bulletin  107  (revised),  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture. 
For  the  benefit  of  those  who  may  be  unfamiliar  with  the  terms  the  following  explanation  may  be  helpful: 
The  Reichert-Meissl  number  is  an  arbitrary  measure  of  the  volatile  acids  of  which  butyric  is  the  principal 
one  In  butterfat.  The  figures  do  not  show  the  percentages  of  the  acid,  but  serve  as  a  means  of  comparing 
dtflerent  faXa  with  reference  to  their  volatfle  constituents.  The  iodin  absorption  number  indicates  rela. 
tively  the  amount  of  iodin  a  fat  will  absorb.  Since  the  only  fotty  acid  found  to  exist  in  butterfitt  which 
has  the  property  of  absorbing  iodin  is  oleic  acid,  the  iodin  absorption  number  shows  relatively  the  amount 
of  this  fatty  add  present,  but  in  common  with  the  Reichert-Meissl  number  the  figures  do  not  represent 
percentages.  The  saponification  number  is  the  number  of  milligrams  of  potassium  hydroxid  required 
to  saponify  1  gram  of  tat.  Since  the  amount  of  potassium  hydroxid  required  dei)ends  upon  the  molecular 
weight  of  the  tat  the  saponification  number  serves  as  an  indicator  of  the  relative  percentages  of  the  fatty 
acids  of  high  and  low  molecular  weights  present. 
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Ayrshires  on  the  average  are  only  0.5  higher,  while  the  Shorthorns 
and  the  Jerseys  show  a  somewhat  higher  figure.  The  individual 
variations  are  very  marked  in  the  case  of  Jersey  No.  118  with  an 
average  of  23.28,  which  is  the  lowest  of  the  entire  number.  If  the 
data  of  this  individual  was  not  included  the  average  for  the  Jersey 
would  be  considerably  higher  than  any  of  the  other  breeds.  With 
the  exception  of  this  individual  there  is  no  marked  variation  that  is 
to  be  attributed  to  the  individuality  of  the  animal.  The  marked 
variation  in  the  Reichert-Meissl  number  due  to  the  advance  in  the 
period  of  lactation  is  evident  from  the  table. 

Table  13. — Average  Reichert-Meissl  number  for  each  cow,  and  breed  average ,  by  4-week 

periods. 


• 

Jerseys. 

Aynhires. 

Four-week  period  No. 

• 

No.  4. 

No.  99. 

No.  118. 

1 

Average 

for 
Jeneys. 

No.  300. 

No.  301. 

Average 
tor  Ayr- 
shires. 

1 

29.22 
28.72 
28.53 
28.50 
28.96 
29.20 
26.87 
28.63 
25.24 
25.95 

30.16 
28.88 
32.09 
30.95 
27.67 
31.21 
27.03 
27.54 
27.03 
25.83 
24.73 
18.43 

29.54 
23.28 
^.14 
23.69 
23.90 
24.64 
26.66 
23.12 
25.04 
^85 
22.79 
20.22 
14.23 
14.21 

29.64 
26.96 
28.25 
27.71 
26.84 
28.35 
26.83 
29.76 
25  n 
24.88 
23.76 
19  33 
14.23 
14.21 

27.66 
28.95 
27.76 
25.76 
26.83 
25.76 
24.57 
23.87 
23.09 
17.96 

30.59 
27.09 
26.58 
25.13 
24.88 
26.79 
25.59 
26.40 
24.42 
24.36 
18.09 
21.72 
30.67 

29.13 

2 

28.08 

3 

27.17 

4 

25.45 

6 

25.86 

6 

26.28 

7 

25.06 

8 

25.29 

9 

10 

23.76 
21.10 

11 

18.00 

12 

21.72 

13 

30.67 

14 

True  avera^  of  Relchert- 
Meissl  number 

28.17 

28.69 

23.28 

26.73 

26.34 

25.52 

25.93 

• 

Holsteins. 

Shorthorns. 

Four-week  period  No. 

No.  206. 

No.  206. 

No.  209. 

Average 

for 
Hotsteins. 

No.  400. 

No.  402. 

No.  403. 

Avenga 

for  Short- 

horns. 

1 

26.66 
26.01 
26.33 
27.38 
27.82 
26.92 
28.05 
27.53 
27.86 
26.06 
25.63 
20.39 
12.77 
10.27 

30.15 
29.48 
28.15 
24.58 
27.19 
24.51 
24.28 
23.39 
23.53 
20.76 
17.62 

25.66 
26.84 
25.10 
27.06 
24.82 
24.68 
22.79 
23.47 
24.23 
20.17 
21.32 
30.70 
21.14 

27.49 
27.44 
26.53 
26.34 
26.61 
25.37 
25.04 
24.80 
25.21 
22.33 
21.52 
30.55 
16.96 
10.27 

30.77 
29.31 
25.95 
25.99 
28.58 
26.54 
24.70 
25.99 
24.46 
22.57 
22.25 

30.72 
27.14 
26.69 
25.60 
26.07 
24.12 
23.75 
22.93 
18.39 
16.61 

29.36 
20.67 
26.31 
26.30 
25.69 
26.02 
26.38 
34.53 
28.27 
24.25 
25.51 

30.28 

2 

37.71 

3 

36.32 

4 

25.96 

5 

36.78 

6 

25.56 

7 

34.04 

8 

34.48 

9 

22.04 

10 

21.14 

U 

23.88 

12 

13 

14 

True  average  of  Reichert- 
Meissl  number 

25.81 

26.13 

24.44 

25.46 

26.89 

25.55 

26.29 

26.28 
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IBM  TOfOm  ABSOBPnON  NUMBBB. 

Table  14  giyes  the  data  in  regard  to  the  iodin  nnmber  for  each 
individual  and  for  the  4  breeds.  It  will  be  observed  that  with  this 
constant  there  is  an  evident  variation  due  to  breed.  The  Shorthorn 
and  the  Holstein  show  a  noticeably  higher  iodin  number  than  the 
Jersey,  while  the  Ayrehire  comes  between.  The  Jersey  cow  No.  118 
shows  an  individual  variation  in  this  respect,  as  is  the  case  with  the 
Reichert-MeissI  number.  If  the  figures  on  this  animal  be  left  out  of 
the  total  the  variation  with  the  breeds  would  be  even  more  marked. 
The  variation  with  the  breeds,  since  it  shows  practically  the  same  for 
each  individual,  seems  sufficient  to  warrant  the  conclusion  that  there 
is  a  variation  in  this  constant  to  be  attributed  to  breed  and  that  the 
Holstein  and  the  Shorthorn  may  be  expected  to  show  the  highest 
figures,  while  the  Jersey  is  at  the  other  extreme. 

Tablb  14. — Average  iodin  number  for  each  cow,  <md  breed  average ,  by  j^week  periodt. 


Jerseys. 

Ayishlres. 

Four-wash  period  No. 

No.  4. 

No.  99. 

No.  118. 

Average 

for 
Jemys. 

No.  300. 

No.  301. 

Average 
for  Ayr- 

abina. 

1 

31.06 
28.04 
29.61 
20l94 
28.84 
28.03 
31.46 
29.76 
32.27 
32.16 

32.68 
29.46 
28.96 
26.76 
20.99 
27.29 
27.93 
27.37 
28.71 
28.80 
27.61 
29.65 

39  31 
36.33 
82.64 
28.69 
81.65 
30.43 
28.67 
38.49 
38.67 
31.43 
31.14 
32.37 
38.48 
36.82 

31.36 
81.28 
80.37 
28.46 
30.13 
28.68 
29.35 
29.87 
81.66 
30.79 
29.38 
30.96 
38.48 
36.82 

32.68 
28.70 
^.60 
31.91 
27.60 
29.61 
36.30 
37.32 
36.28 
37.74 

28.68 
29.91 
30.66 
29.86 
30.98 
30.31 
31.04 
80.64 
32.64 
36.11 
44.11 
30.62 
86.80 

30.63 

2 

29.31 

3 

29.13 

4 

30.88 

6 

29.22 

6 

29.96 

7 

38.17 

8 

33.98 

9 

33.94 

10 

36.48 

U 

44.11 

12 

30.62 

13 

36.80 

14 

True  total  overafo 

29^99 

28.87 

32.79 

30.62 

31.14 

32.06 

31.61 

Holsteins. 

Shorthorns. 

l^jDur-weakparlod-  No. 

No.  206. 

No.  206. 

No.  209. 

Average 

for 
Holsteins. 

No.  400. 

No.  402. 

No.  403. 

Average 

teRhort- 

nona. 

1 

37.12 
34.  JM 
33.23 
31.86 
31.77 
32.64 
32.62 
33.46 
34.07 
36.56 
35.40 
37.68 
42.67 
42.24 

31.00 
30.67 
36.63 
31.70 
31.79 
31.67 
33.14 
84.25 
83.91 
86.27 
36.63 

39.46 
33.32 
32.89 
38.10 
88.63 
84.91 
88.62 

87.01 
89.06 
36.35 
86.60 
89.03 

36.86 
32.81 
83.88 
32.22 
82.36 
33.07 
34.13 
34.48 
35.00 
36.68 
35.76 
37.11 
40.80 
42.24 

80.13 
82.12 
39.06 
31.36 
31.66 
33.31 
35.71 
33.26 
34.28 
36.91 
38.49 

30.76 
30.21 
3L16 
30.42 
82.08 
36.16 
86.13 
36.47 
41.01 
42.19 

33.38 
36.18 
33.19 
38,76 
86.28 
36.67 
34.96 
36.34 
87.32 
36.24 
86.04 

31.42 

2 

36.60 

3 

84.46 

4 

31.84 

6 

83.01 

6 

34.68 

7 

86.26 

8 

86.02 

9 

37.54 

10 

38.11 

11 

36.77 

12 

13 

14 

Tnia  total  avenge 

84.40 

82.68 

86.48 

34.20 

34.06 

34.00 

34.72 

34.36 
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THE  SAPONIFICATION  OR  KOSTTSTOBFER  NUMBER. 

The  data  regarding  this  constant  are  found  in  Table  15.  The  varia- 
tions that  may  be  attributed  to  breed  are  comparatively  small.  The 
Holsteins  show  a  number  1.5  higher  than  the  Shorthorns.  This  dif- 
ference, while  comparatively  small,  seems  to  indicate  at  least  some 
tendency  for  a  variation  between  these  two  breeds.  With  this  excep- 
tion no  special  variation  can  be  observed  that  may  be  attributed 
safely  to  the  influence  of  the  breed.  No  marked  individual  varia- 
tions are  observed,  with  the  exception  of  Jersey  cow  No.  118,  which 
shows  individual  variations  in  this  as  well  as  in  the  other  constants. 
A  high  iodin  number  is  usually  associated  with  a  low  Reichert-Meissl 
number  and  a  low  saponification  number.  The  data  of  cow  No.  118 
follow  this  rule.  The  variations,  however,  are  not  sufficient  to  justify 
any  special  emphasis  being  placed  upon  either  breed  or  individuality 
as  a  factor  in  causing  variations  in  the  saponification  number. 

Table  15. — Average  saponification  number  for  each  cow,  and  breed  average ^  by  ^-week 

periods. 


■ 

Jerseys. 

Ayrshires. 

I  our-week  period  No. 

No.  4. 

No.  99. 

No.  lis. 

Average 

for 
Jerseys. 

No.  300. 

No.  301. 

Average 
for  Ayr- 
shires. 

1 

231.1 
233.1 
232.9 
229.1 
230.7 
229.0 
227.8 
229.4 
234.4 
235.9 

23a6 
232.1 
229.6 
232.3 
227.7 
231.7 
227.3 
239.8 
234.3 
231.4 
229.4 
219.6 

22&6 
224.7 

229.6 
229.0 
28a2 
226.6 
229.4 
224.8 
226.1 
227.6 
237.0 
223.9 
219.5 
219.1 

28ai 

229.9 
2S0.7 
230.1 
229.5 
229.1 
228.2 
231.3 
231.3 
231.6 
233.2 
221.8 
219  5 
219.1 

232.6 
^3a7 
"S2.3 
224.8 
229.2 
23ai 
224.5 
222.0 
223.9 
217.2 

236.9 
234.1 
232.0 
230.4 
227.5 
229.7 
219.6 
228.3 
228.4 
224.3 
216.2 
218.7 
221.8 

234.7 

2 

232.4 

3 

232.1 

4 

227.6 

6 

228.4 

6 

229.9 

7 

m  0 

8 

225l1 

9 

226.1 

10 

220.8 

11 

216.2 

12 

218.7 

13 

221.3 

14 

Trae  total  average 

231.3 

228.6 

227.2 

228w9 

228.4 

227.9 

228.2 

Holsteins. 

1 

Shortboms. 

Four-week  period  No. 

No.  205. 

Mo.  206. 

No.  209. 

Average 

for 
Holsteins. 

No.  400. 

No.  402. 

No.  408. 

Average 
for  Short- 
boms. 

1 

2 

3 

4 

1 

'    242.2 
229.3 

,    229.0 
232.9 
230.8 
228.7 
228.1 
227.0 
225.0 
223.9 
226.3 

220.8  . 
210.1    . 

206.9  . 

230.7 
228.3 
242.4 
233.7 
232.4 
231.2 
229.7 
226.6 
224.4 
219.9 
216.4 

237.2 
230.6 
231.6 
230.8 
228.3 
229.0 
224.0 
222.4 
222.0 
219.2 
222.0 
23a3 
21&3 

233.4 
229.4 
234.3 
232.8 
230.6 
229.6 
227.3 
226.0 
223.8 
221.0 
221.6 
226.5 
212.7 
205.9 

232.3 
231.7 
224.2 

23ao 

229.4 
227.2 
223.0 
226.5 
224.9 
220.5 
216.8 

234.3 
233.9 
229.8 

22:1 0 

228.3 
224.3 
223.7 
222.7 
215.8 
211.5 

234.3 
226.4 
228.1 
229.9 
226.4 
2301 
224.6 
225.1 
223.8 
226.4 
226.6 

233.6 

a3a8 

227.4 
227.6 

5 

228.0 

0 

227.2 

7 

224.1 

8 

224.8 

9 

221.5 

10 

219.6 

11 

221.7 

12 

13 

14 

Trae  total  averase 

228.2 

1 

23ai 

220.1 

2».  1 

227-6 

226.9 

227.9 

227.6 

1 

1 

1 

1 
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THB  MSLITKO  POINT  OF  THB  FAT. 


The  melting  point  was  determined  according  to  Wiley's  method. 
An  examination  of  the  data  given  in  Table  16  shows  a  close  agreement 
in  the  melting  point  for  all  of  the  animals.  Apparently  there  is  no 
variation  in  the  melting  point  that  could  reasonably  be  attributed 
either  to  the  breed  or  to  the  individuality  of  the  animal  supplying 
the  samples.  A  marked  variation  is  noticeable  due  to  the  advance 
in  lactation  period,  but  this  is  regardless  of  the  individual  or  breed. 

Table  17  gives  a  summary  for  comparison  of  the  constants  of  the 
fat  for  the  four  breeds. 

Tabi«k  16. — Average  melting  point  of  ihefaXfor  each  cow,  and  breed  average^  by  4-week 

'periods. 


,        Jerseys. 

Ayrshires. 

Four-week  period  No. 

No.  4. 

No.  99. 

No.  118. 

Average 

for 
Jerseys. 

No.  300. 

No.  301. 

Average 
for  Ayr- 
shires. 

1 

•c. 

32.36 
32.63 
33.89 
32.25 
33.30 
33.44 
32.94 
33.24 
83.08 
32.97 

•a 

24.94 
33.24 
33.36 
34.63 
33.78 
34.08 
84.07 
34.88 
84.64 
33.81 
34.88 
34.36 

26.62 
32.66 
33.31 
83.31 
83.80 
33.40 
33.92 
33.66 
33.39 
33.59 
33.81 
33.68 
33.46 
33.60 

•a 

27.97 
32.84 
83.36 
33.36 
33.63 
33.64 
33.64 
33.74 
33.69 
33.46 
34.35 
34.02 
33.46 
33.60 

34.80 
33.39 
33.45 
33.64 
33.74 
33.87 
33.83 
33.30 
33.30 
34.04 

•c. 

32.07 
33.21 
32.61 
32.80 
33.86 
32.98 
33.98 
33.65 
33.33 
33.10 
34.36 
33.23 
33.28 

34.44 

2. 

33.30 

3 

33.03 

4 

33.17 

5 

33.79 

6 

33.43 

7 

33.90 

8 

33.43 

9 

33.32 

10 

33.67 

11 

34.36 

12 

33.23 

13 

33.28 

14 

True  total  average 

32.91 

.  32.95 

32.99 

32.95 

33.75 

33.20 

88.47 

Holstelns. 

Shorthorns. 

Four-week  period  No. 

No.  205. 

No.  206. 

No.  209. 

Average 

for 
Holstelns. 

No.  400. 

No.  402. 

No.  403. 

Average 
for  Short- 
horns. 

1 

33.41 
32.67 
33.39 
33.76 
33.02 
32.93 
32.88 
32.98 
33.26 
33.09 
33.01 
82.54 
41.80 
48.34 

32.96 
33.52 
31.94 
32.06 
32.47 
32.47 
32.64 
83.13 
32.81 
32.92 
38.80 

•c. 

32.58 
32.16 
32.06 
31.84 
33.04 
31.60 
32.30 
32.78 
32.85 
33.82 
33.15 
35.45 
37.39 

•a 

32.98 
32.78 
32.46 
32.56 
32.84 
32.36 
32.61 
32.96 
32.97 
33.28 
34.99 
33.99 
39.59 
48.38 

33.91 
82.99 
31.61 
33.15 
33.01 
33.88 
33.63 
34.13 
34.21 
85.40 
36.49 

32.69 
32.79 
33.20 
33.09 
32.96 
33.99 
33.76 
33.79 
34.65 
36.31 

32.70 
33.32 
32.70 
32.60 
33.15 
82.98 
32.54 
32.66 
83.14 
33.28 
32.83 

33.10 

2 

33.08 

3 

32.50 

4 

32.05 

5 

33.04 

6 

32.63 

7 

33.31 

8 

33.52 

9 

34.00 

10. 

34.99 

11 : 

34.66 

12 

13 :.:.:...; 

14. 

True  total  average 

33.76 

32.87 

32.02 

32.88 

33.  .56 

33.37 

32.89 

33.23 
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Table  11, --Average  ekeimuxd  and  pkjfmad  etmitanturf  the  fat  by  breeds. 


BuBsd. 

Relative 
globules. 

Todfn 
nondMr; 

Saponifl- 

ctttifltt 

number. 

Rekbert- 
number. 

lleUinff 
pone 

Jcnev 

328 
ISO 
142 
282 

30.52 
31.61 
34.20 
34.38 

228.9 
228.2 
229.1 
227.6 

26.73 
21.98 
25. 4« 
26.21 

32.96 

Y*°j;.V. 

31:47 

Hbtoteln 

32.88 

^Vwrtbsni .•••.■•«..  .................•■••• 

33.23 

SUMMARY  AND   CONCLUSIOIfS. 

1.  The  data  presented  show  the  influence  of  the  breed  and  the 
individual  upon  the  composition  of  the  milk  and  upon  the  constants 
of  the  fat  as  evidenced  by  11  cows,  including  3  each  of  the  Jersey, 
Holstein,  and  Shorthorn  breeds,  and  2  of  the  Ayrshire  breed.  These 
cows  were  kept  upon  a  uniform  ration  and  the  samples  represent  an 
entire  lactation  period  for  each.  A  compilation  is  also  given  which 
includes  all  complete  analyses  of  the  milk  of  purebred  animals  for 
entire  lactation  periods  published  up  to  the  present  by  American 
experiment  stations. 

2.  The  average  percentage  of  total  solids  is  highest  with  the  Jersey 
and  low^t  with  the  Holstein.  The  fat  represents  34.9  per  cent  of  the 
total  solids  with  the  Jersey  breed  and  28  per  cent  for  the  Holsteins. 
The  relation  of  the  fat  to  the  total  solids  is  influenced  by  breed  espe- 
cially and  to  some  extent  by  the  individual  in  the  breed. 

3.  The  data  corroborate  the  well-known  facts  regarding  the 
variations  in  fat  content  due  to  breed. 

4.  The  breed  exerts  a  decided  influence  upon  the  protein  content. 
A  low  average  percentage  of  fat  goes  with  a  low  protein  content, 
although  the  ration  is  not  constant.  Breeds  such  as  the  Jersey, 
having  a  high  fat  content  in  the  milk,  also  have  a  high  protein  con- 
tent; they  also  have  a  higher  ratio  of  fat  to  protein. 

5.  The  proportion  of  the  total  protein  pres^it  as  casein  does  not 
seem  to  bear  any  special  relation  to  the  breed,  although  some  indi- 
vidual variations  are  observed. 

6.  The  ratio  of  casein  to  the  &t  varies  uniformly  with  the  breed. 
The  variation  between  the  Ayrshire,  Shorthorn,  and  Holstein  is  slight, 
but  the  Jersey  has  more  fat  in  proportion  to  the  casein. 

7.  The  sugar  content  of  milk  does  not  show  much  variation  either 
with  the  breed  or  with  the  individual.  Our  data  showed  a  somewhat 
lower  figure  for  the  Holsteins  than  for  the  Ayrshires,  Shorthorns,  or 
Jerseys. 

8.  The  data  presented  show  the  well-known  breed  characteristics 
regarding  the  size  of  the  fat  globules,  those  in  the  Jersey  being  the 
lai^est,  followed  in  order  by  the  Shortliom,  Ayrshire,  and  Holstein. 
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9.  The  breed  apparently  is  a  factor  having  some  influence  on  the 
Reichert-Meissl  number.  The  highest  was  found  with  the  Jersey, 
while  the  Holsteins  had  somewhat  lower  figures. 

10.  The  influence  of  the  breed  is  shown  on  the  iodin  number.  The 
Holsteins  and  Shorthorns  have  a  noticeably  higher  number  than 
the  Jersey,  with  the  Ayx^  coming  between.^  ^ 

11.  Little  mfluence  due  to  breed  or  individuality  can  be  observed 
with  the  saponification  number. 

12.  The  melting  point  of  the  fat  shows  no  variation  that  may  be 
attributed  to  breed  and  but  little  with  the  individual  animals. 

13.  With  the  exception  of  the  size  of  the  fat  globules,  the  fat  con- 
stants are  far  less  influenced  by  the  breed  and  the  individuality  of  the 
animals  than  by  the  stage  of  the  lactation  period.  The  feed  of  the 
animal  is  probably  a  greater  factor  than  breed  or  individuality  in 
influencing  the  nature  of  the  fat. 
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VARIATIONS  IN  THE  COMPOSITION  AND  PROPERTIES  OF  MILK 

FROM  THE  INDIVIDUAL  COW. 


INTRODUCTION. 

This  is  the  third  in  a  series  of  reports  giving  the  results  of  investi- 
gations in  regard  to  the  influence  of  certain  factors  upon  the  compo- 
sition and  properties  of  normal  milk.  Previous  publications  have 
given  data  in  regard  to  variations  due  to  the  stage  of  lactation  and 
variations  due  to  the  breed  and  individuality  of  the  animal.*  The 
present  paper  gives  data  concerning  three  factors  in  the  milk  from 
the  individual  cow,  namely,  (1)  the  normal  variations  from  milking 
to  milking,  (2)  the  composition  of  morning  compared  with  evening 
milk,  and  (3)  the  composition  of  the  first  as  compared  with  the  last 
milk  drawn. 

It  is  a  well-known  fact  that  the  composition  of  milk,  at  least  so  far 
as  the  percentage  of  fat  is  concerned,  varies  constantly  and  often  quite 
widely  from  day  to  day,  and  even  from  milking  to  milking.  No 
further  investigation  would  be  necessary  to  establish  this  fact,  although 
it  is  impossible  to  set  any  definite  limits  as  to  what  may  be  expected 
in  this  respect.  Among  the  causes  that  are  usually  assigned  for 
these  variations  is  the  influence  of  weather  conditions,  changes  in 
the  health  of  the  animal,  change  in  milkers,  unusual  excitement  of 
any  kind,  and  to  some  extent  changes  in  feed.  In  many  cases  it  is 
not  possible,  with  our  present  knowledge  of  the  physiology  of  milk 
secretion,  to  connect  the  variations  noted  with  the  cause.  While  the 
facts  regarding  the  variations  in  the  fat  content  are  well  known,  the 
information  is  very  meager  regarding  the  other  constituents  of  the 
milk,  and  especially  regarding  the  composition  of  the  fat  itself. 

Some  of  the  data  already  published  show  the  variations  throughout 
an  entire  lactation  period.  It  may  be  pointed  out,  however,  that  a 
statement  of  this  kind  regarding  the  protein  content,  for  example, 
really  shows  the  influence  due  to  the  stage  of  lactation  rather  than 
to  the  daily  variations.  In  order  to  obtain  a  fair  idea  as  to  the  amount 
of  daily  variations  to  be  expected,  the  periods  covered  should  not  be 
long  enough  to  introduce  variations  due  to  the  stage  of  lactation. 
Other  conditions,  as  the  feed  and  management  of  the  animal,  should 
remain  constant.  The  variations  which  will  then  be  found  can  rea- 
sonably be  attributed  to  other  causes,  such  as  the  physiological  con- 
dition of  the  animal. 
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A  more  extensive  knowledge  regarding  the  daily  variations  in  the 
composition  of  the  milk  is  of  importance  to  those  engaged  in  the 
manufacture  of  dairy  products  on  account  of  the  relation  it  bears  to 
the  manufactured  article.  A  knowledge  of  the  extent  and  nature  of 
these  variations  from  milking  to  milking  is  perhaps  of  the  greatest 
importance  in  connection  with  the  use  of  milk  as  food,  especially  for 
infant  feeding.  For  such  purposes  it  is  highly  desirable  to  know  if 
the  constituents  of  the  milk,  such  as  the  protein  and  sugar,  vary  from 
ihilking  to  milking,  as  the  fat  is  known  to  do,  or  whether  these  con- 
stituents remam  reasonably  constant.  So  far  little  is  known  regarding 
the  relation  of  the  nature  of  the  fat  to  its  use  as  food,  but  whatever 
importance  may  be  attributed  to  this  factor,  it  is  well  to  know  what 
variations  to  look  for  from  one  day  to  another.  The  chemist  who  is 
concerned  with  the  inspection  of  milk  for  the  purpose  of  detecting 
adulteration  is  also  greatly  in  need  of  this  information,  and  he  is 
constantly  required  to  employ  all  available  knowledge  on  this  subject. 

Another  reason  for  beginning  this  particular  series  of  investiga- 
tions was  the  question  of  daily  variations  in  connection  with  the 
sampling  of  milk  from  individual  cows  where  the  period  of  investi- 
gation covers  a  considerable  length  of  time.  The  question  here  con- 
cerned is,  How  long  a  period  must  be  included  in  the  sample  to  obtain 
a  fair  representation  of  the  composition  of  the  milk  the  animal  is 
producing?  For  example,  in  carrying  on  investigations  m  regard  to 
the  influence  of  feed  upon  the  properties  of  milk  it  might  be  possible 
to  obtain  an  entirely  erroneous  idea  as  to  the  composition  of  the 
milk  and  the  nature  of  the  fat  if  daily  variations  in  the  composition 
of  the  fat  are  large  and  the  sampling  period  is  short. 

THE  ANIMALS  USED,  PEED  AND  MANAGEMENT. 

The  animals  used  were  all  purebred  registered  animals  of  the 
breeds  indicated.  The  following  statement  gives  the  details  regard- 
ing the  individuals  supplying  the  samples  analyzed : 


Cow  No. 


303  (milked  twice  daily) 

205  (milked  twice  daily ) 

209  (milked  twice  daily) 

320  (milked  twice  daily) 

400  (milked  twice  daily) 

200  (milked  three  times  dallv) . 
207  (milked  four  times  daily) . . 


Breed. 


Ayrehlre.. 
Holstein.. 

do 

Jersey 

Shorthorn. 
Holstein.. 
do 


Age 

(years). 


3 
6 
5 
11 
6 
6 
0 


Days  in 
mJlk. 


180 
89 

289 
96 

102 
44 
14 


In  carrying  out  these  experiments  the  animals  were  fed  a  uniform 
ration  both  in  kind  and  amount  during  the  period  covered  by  the 
samples.  In  this  way  variations  due  to  the  ration  fed  were  elimiiiiated. 
The  cows  were  milked  by  the  same  milker,  and  the  intervals  between 
milkings  were  uniformly  12  hours,  except  in  the  cases  of  cow  209, 
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milked  three  times  daily  at  eight-hour  intervals,  and  cow  207,  milked 
four  times  daily  at  six-hour  intervals.  Cows  206,  320,  and  400  were 
fed  a  ration  consisting  of  alfalfa  hay,  2  parts,  and  a  mixture  of  corn, 
bran,  and  oats,  1  part.  Cows  303  and  209  were  turned  in  a  blue- 
grass  pasture  during  the  day,  and  in  addition  received  a  uniform 
grain  ration  consistmg  of  a  mixture  of  com  4  parts,  bran  2  parts, 
and  linseed-oil  meal  1  part. 

Cow  209  when  milked  three  times  dailv  and  cow  207  when  milked 
four  times  daily  received  a  still  different  ration,  but  the  proportion 
between  the  constituents  was  kept  the  same  and  the  total  quantity 
fed  daily  was  the  same  in  order  that  the  variations  found  could  not 
be  attributed  to  the  feed. 

METHODS  OP  SAMPLING  AND    PREPARATION   OF  SAMPLES    FOR 

ANALYSIS. 

The  milk  was  weighed  immediately  after  milking  and  the  entire 
amount  brought  to  the  laboratory.  From  this  a  subsample  was  pre- 
pared for  analysis.  The  cream  was  separated  from  the  remainder  of 
the  milk  with  a  small  cream  separator  and  the  cream  secured  was 
churned  in  a  glass  j  ar.  This  butter  was  melted  to  supply  the  fat  sample 
for  analysis.  The  measurements  of  color  of  the  buttei*f at  were  made 
with  the  Lovibond  tintometer.  The  methods  followed  in  the  chem- 
ical analyses  are  those  recognized  by  the  Association  of  Agricultural 
Chemists.*  Further  details  in  regard  to  the  methods  followed  will  be 
found  in  the  first  report  of  these  investigations  in  Bulletin  156, 
Bureau  of  Animal  Industry. 

THE  VARIATIONS  FROM  MILKING  TO  MILKING. 

The  detailed  analyses  of  the  milk  from  each  of  the  7  cows  in  this 
investigation  are  found  in  the  three  tables  forming  the  Appendix  at 
at  the  end  of  this  bulletin.  Table  I  shows  the  variations  from  milk- 
ing to  milking  of  the  5  cows  which  were  milked  twice  daily.  Table  II 
gives  the  data  for  cow  209  milked  three  times  daily,  and  Table  III  for 
cow  207  milked  four  times  daily. 

PROTEIN. 

Table  1  below  is  a  summary  showing  the  variations  in  total  protein 
for  the  7  animals.  The  most  striking  fact  in  regard  to  the  protein  is 
the  comparatively  small  variation.  More  than  90  per  cent  of  the 
analyses  made  showed  a  variation  of  less  than  0.2  per  cent  from  the 
average  for  the  animal  supplying  the  sample,  and  no  samples  show 
a  variation  of  more  than  0.3  per  cent  from  the  average.  As  com- 
pared with  the  other  constituents  of  milk  and  with  the  composition 
of  the  fat  these  variations  are  small.  The  conclusion  to  be  drawn 
from  this  is  that  the  variation  in  the  total  protein  from  milking  to 

>  See  Bulletin  107  (revised),  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture,  1908. 
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milkJTig  is  comparatively  smaU,  and  only  in  exceptional  cases  would 
it  be  sufficient  to  be  of  importance  in  connection  with  the  use  of  milk 
as  human  food.  From  the  standpoint  of  taking  samples  for  chemical 
analyses  these  variations  would  have  to  be  taken  into  account,  but 
a  fair  sample  regarding  the  amount  of  protein  in  the  milk  of  a  certain 
cow  may  be  secured  by  taking  the  average  of  a  comparatively  few 
samples. 

Table  1. — Average  varialwriB  in  total  protein  from  viilking  to  milking. 


Cow  No. 


303 
205 
200 
320 
400 
209 
207 


[milked 
milked 
milked 
milked 
milked 
milked 
fmUked 


twice  daily) 

twice  dally) 

twice  daily) 

twice  daily) 

twice  daily) 

three  times  daily), 
four  times  dally).. 


Breed. 


Ayrshire.. 
Holstein.. 
....do.... 

Jersey 

Shorthorn. 
Holstein.. 

>  ■  •  •  •  ^*v  •  •  •  • 


Num- 
ber of 
milk- 
ings. 


28 
28 
28 
28 
28 
21 
20 


Total  protein. 


Percent. 
3.21 
3.02 
3.31 
3.58 
3. 59 
2.75 
2.57 


Highest 


Percent, 
3.38 
3.19 
3.45 
3.83 
3.83 
3.19 
2.74 


Lowest 


Percent. 
2.93 
2.74 
3.13 
3.32 
3.45 
2.55 
2.30 


Variations  flrom 
average. 


than  0.2 
percent 


Percent. 
93.0 
96.4 

loao 

89.3 
93.0 
95.0 
90.0 


Between 

0.2  and 

0.3  per 

cent 


Percent. 
7.0 
3.6 


10.7 
7.0 
&0 

10.0 


SUGAR. 

Table  2  is  a  summary  showing  the  extent  of  variations  in  the  sugar 
content.  The  sugar  is  usually  considered  to  be  the  least  variable  of 
any  coilstituent  of  milk,  but  our  results  indicate  that  it  may  be  ex* 
pected  to  vary  rather  more  than  the  total  protein.  Some  animals 
seem  to  show  a  wider  variation  in  the  amount  of  sugar  than  others. 
A  variation  of  0.5  per  cent  from  the  average  is  not  uncommon  with 
certain  individuals,  but  about  90  per  cent  of  the  analyses  show  a 
variation  of  less  than  0.2  per  cent. 

Table  2. — Average  variations  in  sugar  from  milking  to  milking. 


Breed. 

Ayrshire.. 
Holstein . . 

...do 

Jersey 

Shorthorn 
Holstein.. 

...do 

Num- 
ber of 
milk- 
ings. 

Sugar  content 

Variations  from  average. 

Cow  No. 

Aver- 
age. 

High- 
est 

Low- 
est 

Less 

than 

0.2  per 

cent 

0.2  to 

0.4  per 

cent 

0.4  to 

0.6  per 

cent 

0.6  to 

a8per 

cent 

303  (milked  twice  daily). 
205  (mlUced  twice  daUy). 
200  (milked  twice  dally). 
320  (milked  twice  daily). 
400  (milked  twice  daily). 
209  (milked  three  times 

daily). 
207  (milked  four  times 

daily). 

28 
28 
28 
28 
28 
21 

20 

Perd. 
5.32 
5.10 
4.55 
4.91 
6.37 
4.68 

4.55 

Perd. 
5.65 
5.49 
5.05 
5.46 
5.70 
5.23 

4.n 

PereL 

4.98 
4.64 
4.29 
4.54 
4.83 
4.46 

4.25 

Perd. 
80.3 
35.7 
80.0 
46.4 
81.4 
85.0 

90.0 

Perd. 

10.7 
67.1 
7.1 
30.2 
14.8 
10.0 

10.0 

Perd. 

Perd. 

7.2 
3.6 

ia6 

""5.6' 

3.*i 

3.7 

VARIATIONS  FROM   MILKING  TO  MILKING. 
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FAT. 

As  already  stated,  it  is  a  well-known  fact  that  the  fat  varies  from 
nnillcing  to  milking.  Table  3  gives  the  variations  with  this  constituent 
for  the  7  cows  used  in  this  investigation.  The  extreme  variation 
reaches  almost  2  per  cent.  Only  56  per  cent  of  the  samples  come 
within  0.3  per  cent  of  the  average;  27.7  per  cent  range  between  0.3 
and  0.6  per  cent ;  11.7  per  cent  vary  between  0.6  and  0.9  per  cent  from 
the  average,  and  4.6  per  cent  vary  more  than  0.9  per  cent  from  the 
average. 

A  sample  taken  from  a  single  milking  is  of  little  va^ue  as  an  indica- 
tion of  the  quality  of  milk  produced  by  any  cow.  When  the  number 
of  miUdngs  per  day  is  increased  to  three  or  four  the  variations  in  the 
fat  content  become  greater. 

Table  3. — Average  variations  in  fat  content  from  milting  to  milking. 


■ 

Breed. 

Num- 
ber of 
milk- 
ingk 

Fat  content. 

Variations  fljrom  average. 

Cow  No. 

Aver« 
age. 

HJjg. 

Low- 
est 

Less 

than 

0.3  per 

cent. 

Be- 
tween 
0.3  and 
0.6  per 
cent 

Be- 
tween 
0.6  and 
0.9  per 
cent 

Over 

0.9  per 

cent 

303  (milkeditwloe  daUy ). 
206  <Tnllked  twice  daUy ). 
aoo  (milked  twice  daUy ). 

A3rT8hire . . . 
Holsteln... 

do 

Jersey 

Shortbom.. 
Holsteln... 

do 

27 
28 
28 
28 
27 
20 

19 

• 

Peret. 
3.1» 
3.07 
8.18 
5.31 
4.08 
2.06 

2.62 

Peret. 
4.36 
3.79 
8.67 
6.31 
6.20 
3.63 

4.15 

Perct. 
8.40 
2.40 
2.71 
4.56 
8.46 
2.24 

1.67 

Perct. 

77.7 
39.3 
86.7 
50.0 
63.0 
45.0 

31.6 

Perct. 
22.3 
46.4 
14.3 
25.0 
29.6 
30.0 

26.2 

Perct. 

Peret. 

14.3 

820  (mOked  twice  daily). 
400<inllked  twice  dftUy }. 
200  (milked  three  times 

daily). 
207  (milked  four  times 

daily). 

17.9 

3.7 

25.0 

21.1 

7.1 
3.7 

21.1 

THE   REICHERT-MEISSL   NUMBER.' 

Table  4  gives  the  data  regarding  this  constant  of  the  fat  and  shows 
what  may  be  expected  in  the  way  of  variations.  The  limit  of  error 
in  making  this  determination  is  generally  considered  to  be  0.5. 
Fifty-eight  per  cent  of  the  determinations  vary  less  than  1  from  the 
average;  23.4  per  cent  vary  between  1  and  2;  13.4  per  cent  between 
2  and  3;  4.6  per  cent  between  3  and  4;  and  0.5  per  cent  more  than  4. 

1  This  and  the  soooeeding  constants  of  the  fiat  were  determined  by  official  methods,  the  details  of  which 
may  be  foond  hi  Bulletin  107  (revised).  Bureau  of  Chemistry,  United  States  Department  of  Agriculture. 
For  the  benefit  of  those  who  may  be  unftoiillar  with  the  tenns  the  following  explanation  may  be  helpful . 
The  Reicliflrt-MeisBl  ntunber  is  an  arbitrary  measure  of  the  volatile  adds  of  which  butyric  is  the  principal 
one  in  batterftit.  The  flguiee  do  not  show  the  percentages  of  the  acid,  but  serve  as  a  means  of  comparing 
dlflerent  fats  with  refBrenoe  to  their  volatile  constituents.  The  iodin  absorption  number  Indicates  relatively 
the  amount  of  iodin  a  fat  will  absorb.  Since  the  only  fatty  add  found  to  exist  in  butteri^t  whidi  has  the 
property  of  aboorbing  iodin  is  oleic  add,  the  iodin  absoiption  number  shows  relatively  the  amount  of  this 
tetty  add  present,  but  In  common  with  the  Reichert^Meissl  number  the  figures  do  not  represent  peroentages. 
The  saponification  number  Is  the  number  of  milligrams  of  potassium  hydroxid  required  to  saponify  1  grem 
of  fst.  Since  the  amount  of  potassium  hydroxid  required  depends  upon  the  molecular  weight  of  the  fat,  the 
saponification  number  serves  as  an  indicator  of  the  relative  percentages  of  the  laity  adds  of  higli  and  low 
moleailar  weights  present. 
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On  the  whole,  the  fluctuation  in  the  Reichert-Meissl  number  is  quite 
marked.  It  is  impossible  to  say  with  our  present  knowledge  what 
are  the  causes  of  this  wide  fluctuation.  It  is  evident  that  to  obtain 
a  fair  sample  for  this  determination  more  than  one  milking  should  be 
represented.  The  authors  have  been  unable  to  find  any  data  regard- 
ing the  significance  of  the  amount  of  volatile  acids  from  the  stand- 
point of  human  food. 

Table  4. — Average  variations  in  the  Reichert-MeisBl  number  from  milking  to  milking. 


Breed. 

Num- 
ber of 
milk- 
ings. 

Relchert-Meissl 
number. 

Variations  from  average. 

Cow  No. 

Aver- 
age. 

High- 
est 

Low- 
est. 

Less 
thanl. 

Be- 
tween 
land 

2. 

Be. 

tween 

2  and 

3. 

Be- 
tween 
3  and 

4. 

P.ct. 
3.7 
3.5 

Above 
4. 

303  (milked  twice  dally) 
205  (milked  twice  daily ). 
209  (milked  twice  daily). 

Ayrshire... 

Holstein... 

do 

27 
28 
27 

27 
27 
21 

20 

21.99 
27.35 
19.24 
25.89 
26.15 
29.16 

30.67 

24.14 
30.81 
23.65 
28.01 
28.81 
30.43 

34.28 

18.46 
25.90 
18.39 
23.77 
23.45 
27.60 

27.15 

P.ct. 
44.4 
68.0 
70.4 
51.9 
70.4 
8L0 

20.0 

P.ct. 
33.3 
25.0 
18.6 
37.0 
11.1 
19.0 

20.0 

P.ct. 

18.6 

3.5 

7.4 

11.1 

18.5 

P.ct, 
3. 6 

320  (milked  twice  daUy). 
400  (milked  twice  daily). 
209  (milked  three  times 

d^ly). 
207  (milked  four  times 

dally). 

Jersey 

Shorthorn.. 
Holstein... 

do 

35.0 

25.0 

THE    lODIN    NUMBER. 

Table  6  shows  the  variations  in  the  iodin  number.  The  limit  of 
error  in  making  this  determination  is  generally  considered  to  be  0.5. 
The  table  shows  that  only  48  per  cent  of  the  total  came  within  1  of 
the  average  for  the  cow  suppljdng  the  sample;  27.4  per  cent  varied 
between  1  and  2;  while  15.8  per  cent  ranged  between  2  and  3  from 
the  average;  and  8.8  per  cent  varied  more  than  3.  These  data  indi- 
cate that  rather  wide  variations  are  to  be  expected  in  the  iodinnumber 
from  day  to  day. 

Table  5. — Ai^erage  variations  in  the  iodin  number  from  milking  to  milking. 


Breed. 

Num- 
ber of 
milk- 
ings. 

Iodin  number. 

Variations  from  average. 

Cow  No. 

Aver- 
age. 

High- 
est. 

Low- 
est. 

Less 
than  1. 

Be- 
tween 1 
and  2. 

Be- 
tween 2 
and  3. 

Above 
3. 

303  (milked  twice  daUy). 
205  (milked  twice  dally). 
209  (milked  twice  daily). 
320  (milked  twice  daily). 
400  (milked  twice  daUy). 
209  (milked  three  times 

dfldly). 
207  (milked  four  times 

daily). 

Ayrshire. . 
Holstein.. 

do.... 

Jersey 

Shorthorn 
Holstein.. 

do 

28 
28 
28 
28 
28 
21 

20 

41.32 
32.70 
41.98 
24.18 
30.63 
32.73 

41.17 

44.62 
34.46 
45.37 
28.27 
31.91 
34.49 

44.34 

40.04 
30.17 
34.28 
21.98 
28.77 
30.73 

38.28 

Perct. 
25.9 
71.4 
18.5 
69.3 
63.0 
47.6 

50.0 

Perct. 
25.9 
25.0 
33.3 
22.2 
87.0 
33.3 

15.0 

Perct. 

29.6 

3.6 

22.2 

11.1 

Perct. 
18.5 

'"*26!6 
7.4 

19.1 
25.0 

10.0 

VABIATIONS  FROM  MILKING  TO  MILKING. 
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THE   SAPONIFICATION   NUMBER. 

Table  6  is  a  summary  of  the  variations  in  the  saponification  num« 
ber  as  found  with  the  7  cows.  The  limit  of  error  in  making  this 
determination  is  considered  as  being  2.  The  table  shows  that  on 
the  average  62.2  per  cent  of  the  determinations  varied  less  than  2 
from  the  average,  or  no  more  than  the  limit  of  error;  24.7  per  cent 
ranged  between  2  and  4  of  the  average;  9.3  per  cent  between  4  and 
6;  while  3.7  per  cent  varied  more  than  6.  As  with  the  other  con- 
stants of  the  f at,  we  find  here  considerable  variation  from  milking  to 
milking.  A  study  of  the  tables  fails  to  indicate  any  relation  between 
the  iodin  number  and  the  amount  of  fat  or  of  any  other  constituent. 
An  increase  in  the  iodin  number  in  most  cases  is  accompanied  by  a 
decline  in  the  Reichert-Meissl  number  and  in  the  saponification  "value. 
This  relation  is  commonly  found  in  butterfat. 

Table  6. — Average  variations  in  the  wponificalion  number  from  milking  to  milking. 


Breed. 

Num- 
ber Of 
milk- 
Ings. 

Saponlflcatkm  number. 

Variations  from  average. 

Cow  No. 

Aver- 
age. 

Hse- 

Low- 
est. 

Ltss 
than  2. 

» 

Be- 
tween 2 
and  4. 

Be- 
tween 4 
and  6. 

Above 
6. 

308  (milked  twice  daUy). 
306  (milked  twice  daily). 
200  (mlllred  twice  daily). 
320  (milked  twice  daUy). 
400  (milked  twice  daily). 
200  (milked  three  times 

daily). 
207  (miked  four  times 

daUy). 

Ayrshire.. 
Holstein. . 

do 

Jersey 

Shorthom. 
Holstein.. 

•  •  •  •  *Uwa  •••• 

28 
28 
28 
28 
28 
21 

20 

236.2 
227.0 
234.2 
235.3 
232.7 
230.1 

226.3 

247.3 
234.0 
242.4 
240.8 
230.7 
232.1 

231.0 

231.2 
224.6 
226.1 
232.1 
224.2 
236.6 

223.1 

Perct. 

48.2 
67.8 
42.3 
66.7 
70.4 
00.6 

60.0 

Perd. 
38.3 
21.4 
10.2 
22.2 
22.2 
0.5 

45.0 

Perct. 

11.1 

7.2 

30.8 

11.1 

Perct, 
7.4 
3.6 
7.7 

7.4 

6.0 

THE   MELTING   POINT. 

A  summary  of  the  data  showing  this  constant  of  the  fat  is  given  in 
Table  7.  The  range  in  variation  here  is  small.  It  may  be  seen  that 
96.5  per  cent  of  all  vary  less  than  1®  from  the  average.  This  result 
corresponds  with  our  data  already  published  in  indicating  that  the 
melting  point  of  the  fat  is  not  influenced  to  any  great  extent  by  a 
small  change  in  the  other  constants  of  the  fat.  The  melting  point  of  a 
mixture  of  fats  can  not  be  predicted  from  the  melting  points  of  the 
fats  themselves,  according  to  Lewkowitsch.^ 

I  Lewkowltach,  J.    Chemical  technology  and  analysis  of  oUSi  tats,  and  waxes.    London,  1000.    See  vol.  1» 
p.  04. 
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Table  7. — Average  variations  in  the  melting  point  from  miliiTig  to  milting. 


Breed. 

Num- 
ber of 
milk- 
ings. 

Melting  point. 

Verlations  from 
average. 

Cow  No. 

ATOage. 

Highest. 

• 

Lowest. 

Less 

than 

1  degree. 

Between 
land  2 
degrees. 

303  (milkfMl  twice  daUy) 

205  (milked  twice  daUy) 

Ayrshire 

Holstein 

do 

28 
28 
28 
28 
28 
21 
20 

•a 

33.34 
84.09 
33.46 
36.43 
33.92 
82.54 
34.01 

•c. 

34.45 
85.06 
34.40 
86.10 
34.40 
34.27 
34.97 

•c. 

32.30 
33.30 
32.95 
34.56 
33.46 
81.57 
33.40 

Percent. 

88.9 
100.0 

96.3 
100.0 
100.0 

90.6 
100.0 

Percent. 
11.1 

209  (milked  twice  daUy) 

3  7 

320  (milked  twice  daUy). :... . 

Jeney 

Shorthorn... 

Holstein 

....  .do..... . . 

400  (milked  twice  daUy) 

209  (milked  three  times  daily) . 
207  (milked  four  times  daily}.. 

9.6 

COMPARISON  OP  MORNING  AND  EVENING  MILK. 

The  data  which  have  been  given  make  it  possible  to  compare  the 
composition  of  morning  milk  with  that  milked  in  the  evening.  A 
large  amount  of  data  is  already  available  regarding  the  variation  in 
the  fat  content  of  milk  as  brought  about  by  this  factor.  Practically 
none,  however,  has  been  published  regarding  the  variations  in  the 
constituents  other  than  the  fat  or  regarding  changes  in  the  nature  of 
the  fat  itself. 

Fleischmann  *  found  morning  milk  slightly  richer  than  evening,  but 
decided  that  the  fat  content  varied  with  the  interval  between  milkings. 
Sufficient  data  have  been  published  by  various  authors  to  show  the 
accuracy  of  the  above  statement.  As  a  rule,  when  a  cow  is  milked 
twice  daily  at  intervals  of  equal  length  there  is  only  a  small  variation  in 
the  average  fat  content  of  the  milk.  The  variations  found  under 
these  conditions  seem  to  depend  upon  the  individuality  of  the 
animals. 

Table  8  is  compiled  from  those  that  have  preceded  and  gives  the 
average  figures  for  the  morning  and  evening  milking  for  each  animal. 
Taking  first  the  animals  where  the  interval  between  milking  was 
uniformly  12  hours,  it  will  be  noted  that  with  4  out  of  the  5  cows  the 
yield  of  milk  was  slightly  greater  in  the  morning. 

No  variation  in  the  protein  content  can  be  observed  that  may  be 
attributed  to  the  factor  under  consideration.  The  same  may  be  said 
of  the  sugar.  The  fat  is  noticeably  higher  in  the  morning  with  3 
of  the  cows  and  apparently  unchanged  with  2. 

The  Reichert-Meissl  number  with  each  of  the  5  animals  is  lower  in 
the  evening. 

The  iodin  number  in  each  case  is  higher  in  the  evening  sample. 

The  saponification  value  for  the  evening  sample  is  decidedly  lower 
with  2,  slightly  lower  with  2,  and  higher  for  1. 

The  melting  point  shows  no  variation  sufficient  to  be  taken  into  ac- 
count.    The  same  is  true  in  regard  to  the  size  of  the  fat  globules. 

1  Fleiachmann,  Wilhelm.    Untersuchung  der   Milch   von   sechssehn    Kiihen.    Landwirtsnhaftlirthd 
JahrbOcheTi  vol.  20,  sup.  2.    Berlin,  1891. 
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The  phjnsical  constants  of  the  fat  show  slight  variations,  but  hardly 
sufficient  to  be  taken  into  account. 

The  samples  from  the  2  animals  that  were  milked  three  and  four 
times  daily  showed  wider  variations  than  those  from  the  cows  milked 
twice  only,  although  no  appreciable  variation  was  foimd  with  the 
total  protein,  sugar,  and  ash. 

The  per  cent  of  fat  varied  considerably  with  the  different  milkings. 
The  highest  fat  content  was  found  in  milk  dravm  near  the  middle  of 
the  day. 

In  general  the  composition  of  the  milk  plasma  does  not  seem  to  vary 
appreciably  from  morning  to  evening  when  the  interval  between 
milkings  is  the  same.  This  statement  also  holds  good  when  the 
number  of  milkings  is  increased  from  two  to  three  or  four  per  day. 
The  per  cent  of  fat  shows  some  variation,  mostly  depending  upon  the 
individual^  and  this  variation  is  wider  when  the  cow  is  milked  more 
than  twice  daily.  The  fat  content  of  morning  milk  is  usually  slightly 
higher.  There  seems  to  be  a  fairly  constant  variation  in  the  chemi- 
cal and  physical  constants  of  the  fat  between  morning  and  evening. 
This  is  most  noticeable  with  the  volatile  acids,  which  tend  to  be 
higher  in  morning  milk,  and  with  the  iodin  number,  which  is  gen- 
erally higher  in  the  evening  sample. 

Table  8. — Comparison  of  morning  and  evening  milk — Avo'oge  determinations  for  each 

milking. 

cows  MILKED  TWICE  DAILY. 


Cow 

No. 


308... 
205... 
200.., 
320... 
400.. 


Aver- 

Total 

Reich- 
ert- 

lodin 

Sapon- 
ifica- 

Melt- 
ing 

point 
of  fat. 

Hoar  milked. 

yield, 
ofmnir. 

pro> 
teln. 

Aah. 

Sugar. 

Fat. 

Meifll 

xuim- 

ber. 

num- 
ber. 

tion 
num- 
ber. 

Pounds, 

Peret. 

Peret, 

PercL 

Perct. 

•c. 

r5.30a.m 

11.2 

3.16 

6.37 

3.96 

22.92 

38.94 

238.1 

33.37 

15.30  p.  m 

12.  > 

3.24 

5.26 

3.92 

2L12 

43.33 

234.4 

33.31 

5.30  a.  m 

9.2 

3.00 

5.24 

3.45 

27.  S2 

32.53 

227.7 

34.13 

5.30  p.  m 

8.0 

2.95 

4.96 

2.70 

7:1. n 

32.87 

228.2 

34.05 

<5.30a.m 

14.4 

3.28 

4.57 

3.17 

20.52 

41.60 

235.5 

33.35 

&30p.m 

13.6 

3.33 

4.54 

3.18 

19.43 

42.34 

23L9 

33.56 

15.30  a.  m 

10.1 

3.63 

4.92 

5.64 

26.24 

23.50 

235.8 

35.45 

i5.30p.in 

9.2 

3.54 

4.84 

4.96 

25.55 

24.53 

234.9 

35.40 

(5.30  a.  m 

10.1 

3.57 

5.41 

4.26 

26.54 

20.59 

232.8 

83.98 

\5w30p.m 

9.3 

3.61 

5.32 

3.88 

25.88 

30.97 

232.7 

33.85 

Rel*- 

tive 

Bixeof 

fat 

glob. 

ules. 


132 
139 
161 
133 
68 
68 
373 
322 
420 
384 


cow  MILKED  THREE  TIMES  DAILY. 

■ 

209:.. 

i5a.  m 

Ip.m 

9p.  m 

23.7 
19.1 
14.9 

2.73 
2.70 
2.82 

0.73 
.71 
.72 

4.77 
4.53 
4.73 

2.47 
3.26 
3.25 

29.49 
29.39 
28.60 

3L75 
33.01 
33.43 

23L1 
230.2 
229.1 

32.40 
32.38 
32.83 

70 
67 
73 

cow  MILKED  FOUR  TIMES  DAILY. 

• 

207... 

4  a.  m 

10  a.  m 

4p.  m 

lOp.  m 

28.1 
23.0 
23.2 
22.3 

2.62 
2.57 
2.63 
2.46 

0.72 
.72 
.73 
.70 

4.01 
4.48 
4.61 
4.50 

2.07 
3.46 
2.51 
2.60 

30.41 
30.75 
30.82 

saas 

40.63 
4L19 
4L06 
41.79 

226.4 
226.0 
226.4 
226.8 

34.27 
83.99 
83.77 
33.98 

160 
166 
153 
224 
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^  THE  COMPOSITION  OF  THE  FIRST  AND  LAST  MILK  DRAWN. 

It  has  long  been  well  known  that  the  last  milk  drawn  from  a  cow, 
commonly  known  as  the  strippings,  contains  a  much  larger  per  cent 
of  fat  than  does  the  first  milk  drawn  from  the  same  cow,  often 
spoken  of  as  the  foremilk.  Kirchner  ^  gives  figures  typical  of  this 
variation.  According  to  his  data  the  fat  content  increases  gradually 
as  the  milking  progresses,  while  the  solids  other  than  fat  remain 
practically  constant  in  all  parts  of  the  milking. 

The  investigation  herein  reported  was  made  for  the  purpose  of 
supplying  additional  data  on  this  factor,  especially  in  regard  to  the 
variation  in  the  composition  and  nature  of  the  fat  in  the  foremilk 
and  the  strippings.  This  information  is  given  in  Tables  9  and  10. 
In  taking  the  samples  of  foremilk  represented  in  Table  9,  100  c.  c.  of 
milk  was  taken  from  each  teat  of  the  cow,  the  4  portions  being 
mixed  to  form  the  sample  for  analysis.  The  sample  of  strippings 
was  secured  when  the  milk  was  nearly  out  of  the  udder.  A  sample 
of  100  c.  c.  was  then  taken  from  each  teat.  If  more  could  be  drawn 
after  taking  this  amount  it  was  drawn  into  a  second  flask  and  suffi- 
cient added  from  the  first  to  make  up  100  c.  c.  One  sample  was 
then  made  by  mixing  the  100  c.  c.  sample  from  each  teat. 

It  is  probable  that  a  still  more  marked  variation  would  have  been 
found  between  the  first  and  last  milk  drawn  had  the  samples  taken 
been  smaller  and  thus  represented  the  extremes  of  the  milking.  The 
samples  supplying  the  fat  for  the  analyses  given  in  Table  10  were 
taken  in  the  manner  already  described,  except  that  the  samples  from 
each  cow  were  put  together  in  the  form  of  a  composite  sample  repre- 
senting 7  days.  This  was  done  in  order  to  secure  sufficient  fat  from 
which  to  make  the  determinations. 

The  following  is  the  average  analysis  of  the  first  and  last  milk, 
taken  from  Table  9 : 


First  mUk. 
Strippings. 


Total 
protein. 


Per  cent. 
3.58 
3.38 


Sugar. 


Percent. 
5.30 
5.33 


Fat. 


Per  cent. 
1.87 
6.28 


Ash. 


Per  cerU. 

0.75 

.70 


Total 
solids. 


Percent, 
10.67 
14.86 


Holative 
siseoffat 
globules. 


139 
215 


iKirohner,  W.    Handbuch der  Milch wirtschaft.    Berlin,  1898.    Seep.  56. 
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The  only  difference  that  is  at  all  striking  is  that  of  the  fat.  Since 
the  variation  in  this  constituent  is  so  marked,  the  following  figures 
are  given,  which  represent  the  composition  of  the  milk  plasma  or  the 
milk  minus  the  fat: 


Total 
protein. 


Sufsar. 


Ash. 


FlntmUk. 
Stripptngs. 


Percent, 
3.66 
3.60 


PereetU, 
5.40 
5.68 


Percent, 

o.n 

0.75 


It  is  evident  from  these  figures  that  the  change  in  composition  of 
the  first  milk  drawn  to  the  last  is  confined  to  the  amount  of  fat 
present.  The  milk  plasma  remains  practically  the  same  in  compo- 
sition. 

The  data  given  in  Table  9  show  that  the  larger  the  quantity  of 
milk  produced  the  greater  is  the  variation  in  fat  content  and  in  the 
relative  size  of  the  fat  globules  between  the  first  and  last  milk  drawn. 
From  the  further  data  in  Table  10  it  may  be  observed  that  the 
quantity  of  milk  produced  is  an  important  factor  in  determining  the 
extent  of  the  variation  from  the  foremilk  to  the  strippings.  With 
the  cows  producing  the  small  quantity  of  milk  the  strippings  range 
from  twice  to  three  times  the  fat  content  of  the  foremilk,  while  with 
those  producing  large  quantities  the  strippings  contain  3  to  10 
times  as  much  as  the  foremilk. 

The  higher  fat  content  of  the  last  milk  drawn  has  been  explained 
in  several  ways.  The  most  plausible  seems  to  be  that  given  by 
Eirchner.^  According  to  this  author  the  fat  globules  are  held  back 
mechanically  in  the  fine  passageways  of  the  udder  and  escape  in 
larger  quantities  in  the  last  milk  drawn.  The  data  given  support 
this  theory  by  the  additional  fact,  not  given  by  the  authority  quoted, 
that  the  larger  the  production  of  milk  the  greater  is  the  increase  in 
fat  as  the  milking  progresses.  This  may  be  explained  by  the  suppo- 
sition that  in  the  heavier  milking  cows  the  udder  is  more  congested 
and  the  opening  of  the  ducts  made  smaller  by  compression. 

The  lai^er  fat  globules  would  also  be  held  back  in  the  small  ducts 
more  than  the  smaller  ones.  This  would  account  for  the  lai^er  fat 
globules  in  the  strippings  and  for  the  greater  variation  in  size  from 
foremilk  to  strippings  when  the  production  of  milk  is  large. 


1  Kirchner,  W.    Handbuch  der  MUchwirtacbaft.    Berlin,  1808     See  p.  68. 
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Table  10. — The  composition  o/theforefnilk  and  strippings  as  influenced  by  the  quantity 

of  milk  produced. 


Total 
milk. 

Fat  content 

*m 

Relative  size  of  fat  globules. 

Breed. 

Fore- 
milk. 

Entire 
milk. 

Strip- 
pings. 

Fore- 
milk. 

Entire 
milk. 

Strip- 
pings. 

Jerser 

Pounds. 

3.0 

3.0 

3.3 

4.0 

7.8 

8.1 

U5 

16.7 

12.7 

14.0 

16.7 

20.2 

20.2 

72.  b 

Percent. 
Z.1 
3.5 
3.2 
3.8 
1.4 
1.0 
0.9 
0.4 
2.0 
1.0 
1.2 
0.2 
0.4 
1.0 

Percent. 
6.2 
5.3 
5.2 
5.4 
3.8 
3.8 
3.1 
2.5 
3.0 
2.0 
3.0 
1.3 
1.6 
1.6 

Percent, 
10.3 
7.4 
7.6 
10.0 
8.7 
8.8 
7.6 
7.0 
5.2 
3.0 
5.2 
4.0 
5.3 
3.4 

206 
88 

125 
76 

152 

244 
51 
24 

118 
21 
56 
13 
27 
60 

2SD 

148 

120 

84 

232 

140 

145 

04 

146 

29 

67 

59 

70 

70 

264 

Do 

Do 

Do 

178 
158 
109 

Shorthoni 

280 

Do 

224 

Do 

254 

Do 

108 

HolBtein 

150 

Do 

48 

Do 

00 

Do 

68 

Do 

122 

Do 

108 

Table  11  gives  the  physical  and  chemical  constants  of  the  fat  as 
found  in  the  first  and  last  milk  drawn.  The  following  is  an  average 
of  this  table: 


First  milk. 
Strippings. 


Reichert* 

Meissl 
number. 


27.25 
26.32 


lodin 
number. 


34.14 
33.82 


Saponifica- 
tion num- 
ber. 


230.1 
228.3 


Melting 
point 


33.88 
33.91 


Yellow 
color. 


39 
39 


The  Reichert-Meissl  number  on  the  average  is  0.93  lower  in  the 
strippings.  It  is  lower  with  6  out  of  the  8  cows  supplying  the  sam- 
ples. 

The  iodin  number  is  0.32  lower  on  the  average  in  the  fat  from  the 
strippings  and  7  out  of  the  8  cows  show  the  same  variation,  the  eighth 
being  practically  the  same.  This  tendency  for  a  lower  iodin  number 
in  the  strippings  while  not  great  enough  to  be  of  much  importance 
seems  to  be  the  rule. 

The  saponification  number  also  is  lower  on  the  average  in  the  strip- 
pings and  occurred  vath  6  out  of  the  8  animals. 

The  melting  point  of  the  fat  and  the  yellow  color  seem  to  be 
unchanged. 
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APPENDIX. 


The  following  tables  give  the  detailed  analyses  of  the  milk  at  ^ach 
milking  from  the  7  cows  specially  used  in  this  investigatiou.  Table 
I  contains  the  data  tor  the  5  cows  milked  twice  daily,  Table  II  gives 
the  analyses  for  the  cow  milked  3  times  dait^,  and  Table  III  for  the 
cow  milked  4  times  daily. 
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THE  ROUNDWORMS  OF  DOMESTIC  SWINE,  WITH  SPK3AL  REF- 
ERENCE TO  TWO  SPECIES  PARASITIC  IN  THE  STOMACH. 


Two  species  of  roundwonns  belonging  to  the  family  Filariide,  of  particular  interest 
to  helminthologists  and  veterinarians  on  account  of  their  wide  distribution  and  fre- 
quency of  occurrence  in  American  swine  and  the  possibility  that  they  may  cause 
serious  injury  to  their  host,  are  given  special  consideration  in  this  paper. 

One  of  these  species,  identified  as  Spiroptera  strongyHna,  has  recently  been  placed 
in  a  new  genus,  Ardwmna,  of  which  it  is  the  type,  and  eeveral  erron  rogaiding  the 
anatomy  of  this  parasite  have  been  coirected.  Another  species,  Arduenna  denUUa, 
has  been  found  in  China  associated  with  Arduenna  strongylinaf  and  although  not  yet 
reported  in  American  swine  is  mentioned  in  this  connection,  as  further  investigation 
may  reveal  its  presence  in  this  country. 

Arduerma  gtrongylina  is  much  more  common  in  American  swine  than  it  is  said  to 
be  in  European  swine,  and  has  been  found  abundantly  in  the  slaughterhouses  at  St. 
Louis,  Chicago,  South  Omaha,  and  Kansas  City,  and  has  also  been  collected  at  Ben- 
ning,  D.  C,  and  Bethesda,  Md. 

Specimens  of  hogs'  stomachs  received  from  Chicago  showed  the  worms  deeply 
fastened  in  the  submucoea  or  embedded  in  necrotic  tissue  near  which  were  deep 
ulcers.  The  condition  suggested  infection  with  Bacillua  necropJioruSy  the  inoculation 
of  which  might  easily  result  from  the  burrowing  of  the  worms;  however,  owing  to  the 
sterile  condition  of  the  specimens  received,  this  could  not  be  satisfactorily  demon- 
strated .  A  similar  diseased  condition  of  the  stomachs  of  hogs  in  Europe  is  attributed 
by  Von  BiLtz  (1899d)^  to  infection  with  Arduenna  stnyngylina.  Under  the  circum- 
stances the  worm  should  be  regarded  with  grave  suspicion,  and  general  prophylactic 
measures  for  the  prevention  of  the  spread  of  infection  are  suggested. 

Commonly  associated  with  Arduerma  strongylina  in  this -country  is  another  worm, 
identified  as  Phy»ooephalu8  texalatus^  first  described  by  Molin  (1860b)  from  specimens 
from  the  peccary  (Dicotyks  labiatus)  from  Brazil;  also  found  by  him  associated  with 
Anhienna  strongylina  from  the  wild  boar  in  Germany.  It  is  also  reported  by  Von 
Linstow  (1879b)  (who  apparently  mistook  this  species  for  Arthienna  strongylina) 
and  Plana  (1897e),  from  Europe,  and  by  Railliet  and  Henry  (1911b),  from  Madagascar 
and  Indo-Qiina,  in'  the  former  case  associated  with  a  severe  gastritis.  Seurat  (1912) 
has  recently  reported  this  species  from  the  ass  and  dromedary  in  Algeria,  but  his 
statements  would  seem  to  require  confirmation. 

According  to  the  writer's  experience,  Physocephalus  sexalatus  is  almost  as  widely 
distributed  as  Arduenna  strongylina^  since  out  of  eight  lots  of  specimens  of  the  latter 
species,  specimens  of  Physocephalus  sexalatus  were  found  in  all  but  one.  In  a  mixed 
infection,  however,  it  has  never  been  found  as  abundantly  as  Arduenna  strongylina. 
This  worm  has  apparently  the  same  habit  of  injuring  the  mucosa  as  has  Anhienna 
stnmgylina^  as  both  species  were  found  in  the  same  necroUc  tissue  in  a  hog*s  stomach. 
It  miist  therefore  be  considered  only  less  dangerous  because  it  is  leas  abundant,  and 
should  be  subject  to  the  same  treatment  suggested  for  infestation  with  Arduenna 
strongylina. 

1  Referenoes  to  litentare  will  be  foond  in  bibliography  at  end  of  bulletin. 
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Nothing  is  known  in  r^;ard  to  the  life  cycle  of  these  parasites,  but  their  wide  distri- 
bution and  frequency  of  occurrence  suggest  a  simple  life  history  without  an  interme- 
diate host.  The  fact  that  the  eggshells  of  both  species  are  relatively  thick  would 
seem  to  indicate  that  the  embryos  are  not  liberated  until  the  shell  is  dissolved  by  the 
gastric  juice  of  the  host.  From  the  ^t  that  the  embryos  are  fairly  well  developed 
before  ovipoeition,  it  may  be  inferred  that  the  eggs  require  but  a  short  period  of  incu- 
bation. 

Following  the  discussion  of  the  two  species  is  a  key  for  use  in  the  identification  of 
roimd worms  parasitic  in  swine;  also  a  list  of  these  parasites  classified  according  to  their 
zoological  position. 

INTBODTTCTION. 

Nematodes  occurring  in  the  stomach  are  commonly  present  among 
swine  in  the  United  States.  These  have  usually  been  considered  by 
veterinarians,  pathologists,  and  others  who  have  had  occasion  to 
mention  them  as  belonging  to  the  species  Spiroptera  sirangylina 
Rudolph],  1819,  although  some  have  expressed  a  doubt  as  to  the  cor- 
rectness of  the  identification.  In  addition  to  the  forms  which  have 
been  identified  as  Spiroptera  sirongylina,  Hassall  and  Stiles  (1892a) 
have  described  a  species  named  by  them  Strongylus  rvMdus,  and 
which  has  since  been  collected  from  domestic  swine  in  Europe. 

Recently  a  zoological  study  of  specimens  of  nematodes  in  the  hel- 
minthological  collection  of  the  Bureau  of  Animal  Industry,  collected 
from  the  stomachs  of  hogs  in  various  parts  of  the  United  States,  was 
undertaken  by  the  present  writer,  largely  as  a  result  of  reports  from 
inspectors  relative  to  the  prevalence  of  nematodes  in  the  stomachs 
of  swine,  Drs.  J.  J.  Brougham  and  T.  B.  Pote,  of  the  St.  Louis  station, 
having  been  among  the  first  in  the  Federal  service  to  give  attention  to 
the  subject  from  the  standpoint  of  meat  inspection.  As  a  result  of  this 
study  and  of  a  comparison  of  these  specimens  with  specimens  of 
Spiroptera  stronffylina  received  from  Europe,  the  conclusion  has  been 
reached  that  in  several  particulars  the  descriptions  of  Spiroptera 
strongylina  commonly  given  by  European  writers  are  in  error,  and 
that  the  forms  commonly  identified  as  Spiroptera  strongylina  represent 
two  distinct  species,  one  of  them  Spiroptera  strongylinay  the  other  cor- 
responding to  Physocephalus  sexalatus  (Molin,  1860)  Diesing,  1861, 
hitherto  considered  a  rare  parasite  and  until  recently  reported  only 
once  for  domestic  swine. 

According  to  Stiles  and  Hassall  (1905b),  the  genus  Spiroptera  is 
preempted  by  the  genus  Acuaria  Bremser,  1811,  whose  type  is 
arUhuris.  This  species  is  also  the  type  of  Dispharagus  Dujardin,  1845, 
a  genus  based  largely  on  certain  nematodes  of  birds  and  not  found  in 
mammals.  According  to  this  ruling,  the  genus  Acuaria  is  confined  to 
certain  parasites  of  birds  and  fishes  characterized  by  a  differentiation 
in  the  structure  of  the  esophagus.  As  Spiroptera  strongylina  does 
not  conform  to  the  type  of  Acuaria  or  the  characteristics  of  the  genus, 
a  new  genus  to  include  these  forms  is  necessary.    This  deficiency  has 
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been  supplied  by  the  creation  of  a  new  genus,  ArduenvA^  by  Railliet 
and  Henry  (1911),  Spiroptera  strongylina  being  taken  as  the  type. 
Both  Arduenna  and  PhysocepTialus,  together  with  Simondsia  paradaxa, 
belong  in  the  family  Filariidas,^  and  are  included  by  Railllet  and 
Henry  (1911b)  in  the  new  subfamily  Arduenninae. 

Family  FILARUDiE,  Claus,  1885. 

Family  diagnosis. — Nematoda:  Body  long,  filifonn.  Mouth  sunoimded  with 
papillae,  or  provided  with  two  lips.  Esophagus  slender,  without  posterior  bulb. 
Males  with  a  single  spicule  or  with  two  Unequal  spicules.  Females  with  two  ovaries; 
vulva  usuaUy  in  front  of  the  middle  of  the  body.  UsuaUy  ovoviviparous.  Develop- 
ment in  many  cases  requires  an  intermediate  host. 

Typb  obnus.— jFitena  Mtlller,  1787. 

Bn'bfkixillir  AJRDJTEINNINJS:  liallliet  luxd  'H.eiupy^  1911. 

Subfamily  diagnosis. — Filariidse:  Mouth  with  two  lateral  lips  leading  into  a 
pharynx  marked  with  cuticular  ridges  in  the  form  of  spirals  or  rings.  Spicules 
unequal,  the  longer  several  times  the  length  of  the  shorter.  Four  pairs  of  preanal 
papulae.    Eggs  containing  embryos  when  oviposited. 

Typb  obnus. — Arduenna  Railliet  and  Henry,  1911. 

Genus  ARDUENNA  Railliet  and  Heniy,  1911. 

Genbric  diagnosis. — Filariidae:  Body  subcylindrical,  attenuated  anteriorly, 
posteriorly  somewhat  broader,  usually  curved  in  a  semicircle,  marked  by  a  nairowi 
longitudinal  cuticular  wiag  on  the  left  side,  extending  nearly  the  length  of  the  body. 
Cuticle  densely  striated  transversely.  Mouth  with  two  lateral  lips,  each  lip  with 
three  lobes,  leading  into  a  small  buccal  capsule  containing  two  lateral  teeth,  and  fol« 
lowed  by  a  cylindrical  pluuynx  marked  with  cuticular  ridges  forming  a  series  of  spirals. 
Esophagus  continuous,  gradually  broadening  posteriorly  and  occupying  from  one- 
fourth  to  one-third  of  the  body  length.  Caudal  end  of  the  male  curved  in  a  single 
turn.  Bursa  asymmetrical,  the  right  bursal  wing  being  broader  than  the  left  wing, 
furnished  with  five  pairs  of  stalked  papillse  asymmetrically  arranged,  of  which  one 
pair  is  preanal,  three  pairs  are  adanal,  and  the  fourth  pair  is  postanal.  Bursal  mem- 
brane marked  with  longitudinal  and  transverse  striae,  giving  it  a  wrinkled  appearance. 
Anus  surrounded  by  a  cuticular  thickening,  serrated  on  the  outside  edge.  Spicules 
long  and  very  unequal,  the  longer  five  to  seven  times  the  length  of  the  shorter.  Vulva 
anterior  of  the  middle  of  the  body.  Eggs  with  thick  shells  containing  embryos  at  the 
moment  of  oviposition.    Parasitic  in  the  stomachs  of  Suidse. 

Typb  specibs:  Arduenna  strongylina  (Rudolphi,  1819),  Railliet  and  Henry,  1911. 

i  Dtodng  (1861a)  proposed  the  family  name  Spiruridea  for  a  group  of  nematodes  distingolshed  tnm 
FUarta  by  the  carl  or  spiral  twist  of  the  tail  of  the  male.  This  family  is  not  accepted  by  most  recent  writers 
on  the  ground  that  it  is  not  based  on  sufQdently  characteristic  morphological  fJeatores,  and  that  the  name 
does  not  conform  to  the  roles  of  loological  nomenclature.  Oerley  (18S5a),  Leiper  (1906),  and  Railliet  and 
Henry  (1911b)  use  the  name  SplmrldsB,  apparently  modifying  Dlesing's  (1861a)  family  name  Spiruridea 
to  confarm  to  the  prannt  soological  nomenolature.   The  temily  name  Splropterlde  is  proposed  by  Letper 

0911). 

Owing,  however,  to  the  apparent  invalidity  of  the  name  Spiroptera,  the  present  writer  prefers  not  to  use 
either  the  family  name  Splruridie  or  Spiropteridse,  and  although  it  is  evident  that  the  genera  Ariuenna 
and  Ph^tooepkfihu,  and  other  genera  as  well,  will  ultimately  be  separated  from  the  FilarlldiB,  it  is  not  con- 
aldend  desirable  to  attempt  sooh  a  revision  until  a  more  careful  study  has  been  made  of  the  various  spedef 
involved.  In  the  present  paper,  therefore,  A  rduenna  and  Phpncephalut  are  retained  in  the  family  FUarlidso 
but  included  under  the  subHomily  Arduenninee,  Railliet  and  Henry,  1911, 

62865*'— Bull.  158—12 2 
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ixdoemu  stnmgfUiu  (Rudolt^,  181B)  Bailliet  and  Henry,  1911. 
1819:  Spiroptera  strongyliria  RudolpM,  1819a,  p.  23. 
1819:  Spiropterv.  strongylina  Rudolphi,  1819a,  p.  237.     Maprint  for 

Spiroptera. 
1828:  Spiroptera  strongyliformis  De  BliunTiUe,  1828a,  p.  546. 
1866:  FUaria  strongylina  (Rudolphi)  Schneider,  1866a,  p.  101. 


eitt 


Komm. 


aoptitgui;  io^  Vi  'bIiI^  P'I'Uk-  P*'>  pburmi  t.  A.  e.,  t«tJ]  ol  Uia  buooal  npsule.    X  HO-    (OrigtiaL) 

Spbcittc  diaonobib. — Cuticule  densely  striated  tranavereely,  incieaeiiig  in  thickneaa 
toward  the  anterior  extremity,  which  is  furniehed  with  two  cervical  p&pillft  placed 
aeymmetrically,  the  left  being  about  190  p.  and  the  right  390  ^  from  the  anterior  ex- 
tremity. Banning  at  a  point  280  p.  from  the  anterior  end  on  the  left  aide,  a  narrow 
cuticular  wing  gradually  increaaing  to  a  maiimiim  breadth  of  35  ^  extends  to  a  point 
about  2  mm,  from  the  posterior  extremity.  Mouth  44  to  45  /i  in  diameter  with  two 
lateral  lip«  each  with  three  lobee,  having  a  amall  round  papilla  at  the  baae  of  each  ol 
the  lobes.  Just  below  the  lipe  and  projecting  into  the  mouth  cavity  are  two  chitinoua 
t«eth,  formed  by  a  prolongation  of  the  wall  of  the  pharynx  (fig.  1).    The  pharynx,  29^ 


THE  BOUNDWOBMS  OP  DOMESTIC  SWINE.  11 

wide  by  83  to  98  fi  long,  is  marked  on  the  inside  by  a  seriefl  of  chitinousridgee  in  the 
form  of  continuous  Bpirale  (or  a  multiple  epirol),  all  running  in  the  same  direction  and 
appearing  like  the  Ihreada  of  a  quadruple  screw. 

Baophagus3,l  to3.7  mm.  longjOrabout  one-fourth  of  the  body  length,  and  117  to 
127  fi  wide  at  ite  widest  part  near  the  bane.  Nerve  ring  0.35  nun.  and  excretory  pore 
0.48  nun.  from  the  anterior  end. 

UaU  10  to  15  mm.  long,  averages  about  13  mm.  in  lei^h;  301  to  387  fi  wide  at  the 
wideot  part  just  above  the  bursa.  The  bursal  wings  extend  from  a  point  about  1.2 
mm.  from  the  caudal  extremity  to  the  tip,  the  body  ending  in  a  blunt  point.  Bursal 
wings  irregularly  ovale, 
asymmetrical,  the  right  bur- 
sal wing  being  about  twice 
as  wide  aa  the  left  wing. 
The  bursa  contains  5  pairs 
of  stalked  papilke  asym- 
metrically arranged,  of 
which  4  pairs  are  preanal 
and  the  last  pair  is  post- 
anal. Bursa  marked  with 
fine  longitudinal  striie,  in- 
creasing in  density  toward 
its  base  (fig.  2).  Spicules 
two,  grooved  on  the  ven- 
tral surface,  the  left  spicule 
2.24  to  2.95  mm,  long, 
very  slender,  ending  in  a 
fine  ftoint  and  presenting 
a  slightly  concave  sur- 
face near  the  tip  on  the 
dorsal  side.  The  right 
spicule  (about  one-fifth  of 
the  length  of  the  left  spicule) 
is  stouter  and  blunter  at  the 
point,  measuring  10  n  at  its 
base,  or  nearly  twice  the 
width  of  the  base  of  the 
long  spicule,  and  is  457  to 
619  fl  long  (fig.  3).  Anus 
155  to  200  ^  from  the  pos- 
terior end  and  surrounded 
on  the  posterior  and  left  side 
by  a  cuticular  thickening 
(circumanal  ring),  the  outer 
edge  of  which  is  serrated. 

Frmalt  16  to  22  mm.  long, 
263  to  420  ji  wide;  average  maximum  width  368 ;i,  at  a  point  about  one- third  of  the 
distance  from  the  head  t«  the  caudal  end.  For  the  next  third  of  the  distance  the 
width  remains  constant  except  for  a  slight  constriction  in  the  r^ion  of  the  vulva. 
Beginning  at  a  point  about  two-tbirda  of  the  distance  from  the  bead  to  the  caudal 
end,  where  one  of  the  uteri  turns  back  on  itself,  the  width  gradually  diminiahea  and 
then  abruptly  decreases  a  short  dislance  in  front  of  the  anus.  Anus  215  to  275  /i 
from  the  caudal  tip  (fig.  4). 

The  orbicular  naked  vulva  opening  near  the  left  side  close  to  the  lateral  cuticular 
wing  is  slightly  anterior  of  the  middle  of  the  body,  dividing  the  worm  anteriorly  and 
postericM'ly  in  the  ratb  5 :6,    Vagina  uniform,  about  49  /i  in  diameter,  1.7  mm.  long, 


Fio.  3,—ATiutnna  unmgflina,  Bulssol  male,  venlial  vlev 
cloaca:  I.b.w.,  lett  bunaJ  wlog;  Ltp,,  long  spicule;  po.  p. 
unl  papills;  pr.  p.,  pmiiial  papillin;  r.  b.  lo..  right  bursal 
I.  (p.,  nhort  spicule:  p.  r.  c,  ventral  ridge  of  Lbs  ontlcle. 
(OrlgUwl.) 
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extendingiuageDerallypoateriordirectioa,  joining  the  utariata  point  about  1.1  mm. 
from  the  vulva  measured  in  a  etraight  line  (fig.  S). 

Eggaoval,  34  to  39  ;<  long  by  20  ;■  wide,  with  thick  ehells.  Embryo*  well  developed 
in  the  shell  before  ovipoeition  (fig.  6). 

Hoots. — Domestic  h<^  (Su*  terofa  damatiea),  wild  bow  (Su»  $iTofa/era). 

Location. — Stomach  and  email  inteetine. 

LoGAUTiBs  coLLBCTBD.— United  States:  Bethesda,  Hd.;  Benaing,  D.  C;  Chicago, 
111.;  South  Omaha,  Nebr.;  St.  Louis,  Mo.;  Kansas  City,  Mo.;  Denver,  Colo.;  Brazos 


Fio.  3.—AidutBBa  ttrong^lta.  PoaUdia  end  ot 
body  of  male,  viewed  Inm  rigbtitde.  I.  ip.,  long 
■pfcule;  t.  tp.,  abort  spicule,    x  U.   (Original.) 

County,  Tex.  Europe:  Germany, 
France,  Hungary,  Roumania,  Italy. 
Asia:  Turkestan,  Indo-China. 

The  number  of  spiral  ridges  'Aamm 

in  the  pharynx  seems  to  vary  r,^,  ,.^Ari^«  ..r«m«^.  p«Mr*o, -d  ^ 

both  with    the    sex   and    among  body  otlemale.vtewad  from  leltdde.   •..uiUK 

different  individuals  of  the  same  T'^'^^^llf^'^'v^r^^.I^ 

(er-  p.,  tenoma]  papula.    X  1«1-    (Ongtoal.) 

sex.     In  the  specimen  figured,  a 

female  (fig.  1),  there  are  four  separate  ridges,  the  usual  number  for 
females.  Males  have,  as  a  rule,  but  three  spirals.  Railliet  and  Henry 
(1911b)  mention  2  to  3  spiral  ridges  for  males  and  4  to  5  for  females. 
The  retractor  muscles  controlling  the  movements  of  the  right 
spicule  are  a  pair  of  narrow  lamellar  strips,  lon^tudinally  finely 
striated,  asymmetrically  twisted  in  the  center,  attached  at  the  pos- 
terior end  to  the  spicule  and  at  the  anterior  end  to  the  ventral  side 
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of  the  body.    The  musclea  are  fully  as  long  as  the  spicule  they  control 
(fig.  7). 

The  Taa  deferens  appears  as  a  tube  of  darker  color  than  the  intes- 
tine, about  130  /I  in  its  average  diameter,  and  extending  throughout 
the  posterior  third  of  the  body  length.    About  450  p.  from  its  ter- 
minus it  rapidly  diminishes  in  diameter  toward  the  cloaca,  and  in 
the  specimen  figured  (iig.  S)  ia  bent  in 
the  shape  of  the  letter  S.    The  seminal 
tube  is  very  long  and  convoluted,  re- 
semblii^  in  appearance  the  ovaries  of 
the  female.     Near  the  posterior  end  of 
the  male  the  intestine,  123  /<  wide,  first 
crosses  above  the  vas  deferens  toward 
the  dorsum,  then  curvee  underneath  as 
it  approaches  the  cloaca.     Ite  terminus 
was  obscured  by  the  organs  lying  above 
it.     In  the  specimen  figured  (fig.  8)  the 
sheath  of  the  right  spicule  is  much  con- 
tracted and  appears  as  a  dark-colored 
bag  too   short  to   contain  the   entire 
spicule  and  within  which  the  base  of 

the  spicule 

may     be 

dimly 

seen.    The 
.    ventral 

surface  of 

f   the  male 

'  '■  in  the  re- 


F:o.  i 


Ariuama  tmnfi^ina 


r>l 


Tlnr  of  middle  of  bod;o[  female. 
■nUclor  uterus:  IM..  iDtestiDe:  }.  \a., 
JoDcUoii  (i(  the  uUri;  1.  c.  v.,  laWnl 
cutlculAr  wln^;  p.  lU.,  pooleTior  ulerus; 
V.  valval  M..  vsglDB.    x  U.   (Original.) 


mediately 
anterior  of 
the  bursa 
is  f  u  r  - 
nished  with  7  to  8  parallel  longitudinal 

, ,  cuticular    ridges    divided    transversely 

\OjX-  i^to  serrations.     This  structure,  modi- 

pm.  t.—Ariutwm  ttauttutim.  LMerai  fications    of   whtch   are   Seen   in   many 

vi.wot«nreino«d^n»rvi[rtuwi  nematodes,      including      Physocephalua 

tat.,  amixTo';  A.,  riteiL    x  i,uo!  sexoUUvs,  prohably  assiste  in  maintain- 

(OrKbnL)  j^g  tjjg  position  of  the  male  in  copida- 

tion,  as  suggested  by  Ciurea  (1911).     The  anus  is  partially  encircled 

by  a  rim  of  thickened  cuticle,  the  outer  edge  of  which  is  ornamented 

with   serrated    cuticular    projections.     This    cuticular    thickening 

extends  along  the  posterior  and  left  sides  of  the  anus,  forming  about 
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two-thirds  of  a  complete  circle.    Tlie  thickened  cuticle  seems  to 

project  downward  into  the  body  (fig.  2). 
Ciurea  (1911)  depicts  10  tactile  papillte  located  on  the  ventral 

Btu^ace  of  the  body  of  the  male,  close  to  the  tip  of  the  tail.  These 
could  not  be  seen  in  the  specimens  studied 
by  the  writer.  The  rectum  (fig.  4)  of  the 
female  is  about  80  /i  in  maximum  width  and 
nearly  aa  long  as  the  distance  from  the  anus 
to  the  tip  of  the  tail.  la  the  r^on  immedi- 
ately posterior  of  the  anus  several  fine  lines 


7.—ATdutnna  itniiinliiltt. 
Short  iplcult  niUi  reiracUr 
miBclss  viewed  from  right  ride. 
rO.  m.,  recraclor  diusoIh;  i.  ip., 
abort  spicule.    X  BD.    (Orleliul-) 

can  be  seen  beneath  the 
cuticle,  converging  toward 
the baseof  the  anus.  These 
are  probably  muscle  fibers 
controlling  the  rectum,  and 
are  seen  in  the  females  of 
many  nematodes.  A  pair 
of  papillte  close  to  the  tip 
of  the  tail  extend  laterally 
to  the  edges  of  the  caudal 
cuticle  on  the  ventral 
side. 

In  a  cross  section  of  Ar- 
duenna  atrongylina  (fig.  9  of 
the  present  article),  Ciurea 
(1911)  shows  that  the  in- 
terior of  the  lateral  wing 
is  filled  with  a  substance 
shaped  like  the  letter  V 
when  viewed  in  this  posi- 
tion. In  its  reaction  to 
hematoxylin  it  resembles  the  thickened  wall  of  the  pharynx. 

The  same  drawing  (fig.  9)  also  shows  that  the  vagina  first  passes 
between  the  cuticle  and  muscular  wall  as  it  crosses  the  body  to  ex- 
tend along  the  right  side.  In  several  of  the  specimens  examined  by 
him,  Ciurea  (1911)  noticed  a  drop  of  hardened  cement  at  the  opening 


Slomm. 

K3.  g.— .IrAunna  ilrangjiUna,  Posterior  end  ol  body  ot 
male,  vlen-ed  Iroin  left  side,  d,,  cloaca;  Jbi.,  InteMlne; 
I.  b,  IB.,  left  bursal  wlni;;  po.  p.,  postuial  psplllBii  pr.  p., 
ptearuU  pnpilte;  pr.  r. ,  pfriknal  Hng;  (t.r.(p.,Bbealhollaiv 
epiFUIe;  all.  i.  ip.,  ahtaUi  of  short  spicule;  i.  ip.,  short  spi- 
cule; T.tt/.,naiielenat;  (i.r.e.,ventnltUg«otlligcuClde, 
X  5S.    (Orlglul.) 
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of  the  Yxilva,  and  in  cross  section  it  was  seen  that  the  same  material 

filled  the  terminus  of  the  vagina.    This  material  was  not  seen  in 

any  of  tiie  specimens  examined  by  the  present  writer.' 
The  vagina  (fig.  5)  extends  first  transTersely  under  the  uteri  and 

intestine;  then  leading  above  these  organs  it  continues  posterioiiy 

and  parallel  with  the  intestine  (except 

for  an  S-shaped  bend  near  its  middle) 

along  the  right  side  imtil  it  reaches 

the  juDctJon  of  the  uteri. 
Oneof  theuteri,commencingat  the 

end  of  the  vagina,  extends  posteriorly 

and    dorsally  without    convolulioiis 

(except  for  an  S-shaped  bend  875  p 

from  its  vaginal  end)  until  it  reaches 

a  point  3.6  mm.  from  its  union  with 
the  vagina. 
Hereitmakes 

an  abru  p  t  ^la.  t.-Ajiunim  1ronetll«>.  Cna  »«ltn 
turn,  runs  throngh  body  oIfein«Je  in  the  region  ot  the 
.1  .       .  TulTm.    M.  w.,  body  wall 

DaCK     anten-         „tg^._  i^,_  Intotlne;  W..  1 

orly  and  ven- 
trally,  paral- 
lel with  its  dorsal  limb,  until  its  outUne  is 
lost  to  view  beneath  the  ma^  of  eggs  distend- 
ing both  uteri  and  filling  the  body  cavity 
from  the  end  of  the  esophagus  to  within  a 
short  distance  of  the  anus,  greatly  obscuring 
the  outlines  of  the  oigans.  Throughout  its 
visible  length  this  uterus  is  of  nearly  uniform 
diameter,  about  95  /i.  The  distal  ends  of  the 
two  uteri  are  at  opposite  extremities  of  the 
worm;  the  uterus  that  first  extends  poste- 
riorly ends  anteriorly  at  a  point  613  /t  anterior 
of  the  base  of  the  esophagus  in  a  long  con- 
voluted ovary  crowded  into  the  narrow  space 
between  the  esophagus  and  the  lateral  mus- 
cular wall.  The  other  uterus,  running  in  a 
similar  but  reverse  direction  from  the  uterus 
just  described,  turns  first  anteriorly  for  about  3.5  mm.,  then  posteriorly, 
ending  at  a  point  about  875  /<  from  the  tip  of  the  tail.  The  diameter 
of  the  posterior  uterus,  like  that  of  the  anterior  uterus,  is  nearly 


ia.,viglu.    Enlaced.    (AnvCtnrea,IBll. 


ii  l>  not,  ban 

juniUiiiiun  ths  vulva  at  vlUcti  i 
ibia  in  tloattal  but  «hleb  oould  thsUy  be  removed  by  m  ne 
Tsd  » Itrmly  welded  Id  oopDiMton  tbat  bot  tlcobol  did  i 
U>  Imifble  tnntkm  with  ■  needle  or  loro^is. 


The  Trlter  bu  collected  many  ipecl- 
113  oloeed  by  a  plug  o[  dark-red  nenlion 
■lie.  Hpeclmeos  of  thli  parasite  have  been 
at  cause  their  aeparatkiD  and  tbey  yitfdad 
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uniform^  about  95  /i.  The  posterior  ovary,  much  convoluted,  fills 
most  of  the  space  between  the  anus  and  the  terminus  of  the  posterior 
uterus  (fig.  4).  The  ovaries  are  long  filiform  tubes,  34  /t  in  diameter 
in  their  narrowest  part.  The  thick-shelled  eggs  are  covered  with  a 
thin  irregular  membrane  resembling  the  albuminous  membrane  of  an 
ascarid  egg.  Under  high  power  a  faint  line  at  either  pole  can  be 
seen  running  transversely  through  the  thickness  of  the  shell,  sug- 
gesting an  opercidum.  The  embryo  is  siurounded  by  a  thin  envel- 
ope, differentiated  from  the  shell  by  its  greater  translucence  and 
lack  of  granulation  (fig.  6).  Most  of  the  eggs  in  the  uterus  contain 
well-developed  embryos,  but  a  few  near  the  ovaries  appear  in  the 

morula  stage.  The  shell,  including 
the  translucent  membrane  surround- 
ing the  embryo,  is  4  ft  thick,  the 
embryo  occupying  a  space  11  /*  by 
24  fi. 

The  general  appearance  of  the  two 
sexes  is  represented  in  figures  10 
and  11. 

The  first  specimens  of  Arduenna 
strongylina  were  collected  by  Bremser 
and  figured  by  him  in  his  Icones 
Helminthum  (Bremser  1 824c) .  They 
were  first  described,  however,  by 
Rudolphi  (1819a,  p.  237).  His  de- 
scription may  be  freely  translated  as 
follows : 

Head  slender,  continuous,  mouth  orbicular, 
body  somewhat  attenuated  anteriorly,  tail  of 
male  coiled  either  in  a  single  spiral  or  in  a 
spiral  and  a  half.  A  broad  wing  extending 
on  either  side  of  the  tail.  Spicule  very  long. 
Apex  of  the  tail  very  short,  naked.  Apex  of 
the  tail  of  the  female  depressed,  straight, 
subacute. 

In  a  preUminary  note  Rudolphi  (1819a)  gives  the  measurement  of 
the  males  as  about  5  Unes  long  (»10.6  mm.)  and  the  females  as  7 
lines  long  (=14.9  mm.). 

Gurlt  (1831a)  is  the  first  on  record  to  collect  the  worm  from  domes- 
tic swine.  His  description  of  the  anatomy  of  Spiroptera  strongylirva 
follows  Rudolphi's,  but  contains  also  the  statement  that  the  vulva 
is  situated  a  short  distance  in  front  of  the  anus.  He  describes  the 
mouth  as  smooth,  without  papillas.  Subsequently  (Giu*lt,  1847a)  he 
added  to  his  description  a  note  on  the  anatomy  of  the  pharynx,  the 
first  reference  to  this  structure,  which  he  describes  as  banded  by  two 
spiral  muscles  (a  misinterpretation  of  the  spiral  chitinous  ridges  of 


Fio.  11.— il  rdtt^iifui  ttrongyUfM,  Oeneral  view 
of  body  of  female  from  left  side,  a.,  anus; 
ut.,  uterus;  v.,  location  of  viilva.  X  7.5. 
(Original.) 
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the  pharynx)  running  the  length  of  the  esophagus  in  opposite  direc- 
tions (fig.  12). 

Mo]in  (1860b)  describes  the  Tulva  as  situated  posteriorly,  and 
gives  the  following  measurements:  Males,  11  to  15  mm;  females,  15 
to  23  mm,  which  figures  agree-  closely  with  the  writer's  measurements 
of  Ardueniia  atrorigylina. 

Schneider  (1866a)  reexamining  Rudolphi's  ma- 
terial, gives  a  correct  drawing  of  the  bursa  of 
Arduenna  strongylina,  showing  5  pairs  of  papillae,  / 
of  which  one  pair  is  postanal,  and  describes  the  /  ' 
anus  as  surrounded  fwisterioriy  by  a  crown  of 
serrated  cuticular  prominences  (%.  13).  His 
description,  however,  does  not  in  all  respects 
agree  with  his  drawing,  as  he  states  that  there  , 

are  6  pairs  of  papiUse  while  the  drawing  shows 
only  5  pairs.  His  description  is  also  in  error  in 
regard  to  the  position  of  the  vulva,  which  he  ^°-  ^3.~Aiautnna  inmer- 

.  .,  1-  1       -      ,  -.1  u™.    Cephftllo  ODd,     «., 

describes  as  directly  m  front  of  the  anus.  mouth;  p»„  pharynx. 

Von  Linstow  (1879b)  states  that  the  two  Eaiaiged.  {Aftar  ourii. 
spicules  measure  respectively  0.72  and  0.26  mm. 
and  that  the  mouth  is  surrounded  with  6  round  papiUse  curved  for- 
ward (fig.  14).  His  drawing  shows  the  pharynx  with  a  series  of 
parallel  ridges  instead  of  a  spiral,  A  comparison  of  his  drawing  (fig, 
14)  with  the  anterior  end  of  Pkygocephalus  sexaiattis  (fig.  15)  gives 
rise  to  the  suspicion  that  Yon  Linstow  has  mistaken  this  species  for 
Arduemia  atrongylina,  an  opinion  first  expressed  by  RaiUiet  and 
Henry  (1911b). 

Zuero  (1882a)  is  the  first  to  men- 
tion the  narrow  lateral  wing,  extend- 
.amX--- —  ing  ion^tudinally  along  one  side  of 

the  body.  He  describes  it,  however, 
as  being  in  a  median  position.  As 
has  been  shown,  it  extends  along  the 
left  side  only. 

Stossich  (1897b)  states  that  the  long 

no.  ia.-^rJu«wa  KnmnifM.  Bom  of    spicule  is  three  times  the  length  of  the 

mde,  ventiBl  view.   c(.,  cloaca;  po.  p.,       l,-.  .■  -j.it-. 

posiwiai  papUini  pr,  p.,  preanai  pBpiii»;    short  Spicule,  a  latio  evidently  denved 

pr.  r..  pvfuui  ring.  Eoiaijed.  (Afiar    fpQni   Von   Luistow's    (1879b)    meas- 

actureldBT,  UMa,  p.  101.) 

urements. 

At  a  meeting  of  the  Helminthological  Society  of  Washington,  the 

writer  (Foster,  1911)  presented  a  note  on  Spiroptera  strongylina  in 

which  he  pointed  out  the  differences  between  the  anatomical  features 

of  specimens  tentatively  identified  by  him  as  Spifoptera  stnmgylina 

MMS"— BuU.  16ft-12 3 
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and  the  descriptions  of  this  ajiecies  by  European  observere.     As  no 
European  specimens  were  at  hand  with  which  to  compare  the  speci- 
mens collected  in  this  country,  it  was  concluded  either  that  the 
American    form    represented    a 
distinct  species  or  else  the  de- 
scriptions of  European  writers 
were  in  error  in  some  important 
details.     In  order  to  determine 
which  of  the   two  alternatives 
-  was  correct,  specimens  collected 

*^  in  the  United  States  were  for- 

warded to  Prof,  von  Linstow  for 
comparison  with  specimens  col- 
Fia.w.-P).Ho«pi»J"«^..te^.  i*<«^viaw„f    ^^-ted    m    Europe,    and    other 
ceptuucsnd.  loA. p., labial  pupuige;  p».,pbar7Dx.     European  helminthologists  Were 

Entarged.  (AfUrVonUn,tow,187Bb,ri.V,flg.lIO      ^y^^   j^^.  specimens    of    SpiTOp- 

iera  sirongylina.     The  specimens  sent  to  Von  Linstow  were  considered 
by  him  to  be  a  different  species  from  Spiroptera  strongylina.     There 
is,  however,  no  question  that  certain  European  specimens  recently 
received  from  Prof,  Gedoelst,  of  Brussels,  are  specifically  identical 
with    the    American 
form,  nor  can  it  be 
doubted  that  the  form 
taken  by  Railliet  and 
Henry      (1911b)      as 
Spiroptera  strongylina 
is   the  same    as  the 
American  form. 

In    regard    to    the 
length  of  the  spicules 
of  Arduenna  strongy- 
lina, the  writer's  ob- 
servations are  not  in 
accord  with  those  of 
Ciurea(1911).    Meas- 
urements of  the  spic- 
ules of  over  35  males         I  ,     ^      ,.      .    ,  f 
made  with  the  aid  of  a 
camera     lucida     and 
stage      micrometer 
show  that   the   long 
spicule  varies  between2.24  and2.95  mm.  in  length,  while  the  short  spic- 
ule is  between  457  and  619  ji  in  length.     The  corresponding  measure- 
ments given  by  Ciurea  are,  long  spicule,  977  /i;  short  spicule,  221  ju. 
The  measurements  given  by  Railliet  and  Henry  (19nb)  are,  long 


lomm. 
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spicule,  2.75  to  2.9  mm.;  short  spicule,  600  to  570  /£,  thus  confirming 
the  present  writer's  observations. 

Arduenna  strongylina,  considered  a  rare  parasite  by  Dujardin 
(1845a),  Neumann  (1892a),  and  Railliet  (1893a),  is  now  known  to 
have  a  wide  range.  In  this  country  at  least  it  is  very  common,  as 
will  be  shown  later.  In  Europe  it  has  been  collected  from  the  wild 
boar  by  Bremser  (Rudolphi,  1819a)  in  Germany,  and  is  reported  by 
Dujardin  (1845a)  in  Austria,  and  by  Railliet  and  Henry  (1911b)  in 
France  from  the  same  host.  It  has  been  reported  for  domestic  swine 
in  Germany  (Gurlt,  1831a),  Hungary  (Von  R&tz,  1899d),  Italy 
(Piana,  1897e),  and  Roumania  (Ciurea,  1911).  Most  helmintholo- 
gists,  following  the  older  writers,  state  that  the  parasite  is  rare  and 
occurs  somewhat  more  commonly  in  the  wild  boar  than  in  domestic 
swine.  Dujardin  (1845a)  states  that  ''out  of  19  wild  boars  dissected 
at  the  museum  of  Vienna,  only  2  had  this  worm  in  the  stomach."  In 
Roumania,  Ciurea  found  it  in  9  out  of  72  healthy  swine,  between  1 
and  27  specimens  being  found  in  a  single  host.  Outside  of  Europe  it 
has  been  reported  by  Von  Ldnstow  (1886c)  from  Turkestan,  and  by 
Railliet  and  Henry  (1911b)  from  Annam  Province,  Indo-China. 
Some  doubt,  however,  may  be  expressed  regarding  the  identity  of  the 
parasite  reported  by  Von  Linstow  (1886c)  since,  as  has  been  shown. 
Von  Linstow  (1879b)  has  apparently  confused  PhysocepTudiis  sexalatvs 
with  Arduenna  strongylina.  The  references  to  this  parasite  in  tKe 
United  States  will  be  considered  in  detail  in  another  part  of  the  paper. 
Judging  from  its  abundance  in  the  United  States,  it  seems  not 
improbable  that  a  careful  examination  of  hogs'  stomachs  in  European 
slaughterhouses  would  show  a  more  widespread  infection  than 
hitherto  reported.  The  specimens  received  by  this  bureau  from 
Gedoelst  were  unaccompanied  with  any  data  giving  the  host  or 
locality.  Doubtless  many  veterinary  schools  and  colleges  throughout 
Europe  contain  specimens  both  of  this  parasite  and  of  Physocephalus 
sexalatus  which,  like  the  specimens  received  from  Gedoelst,  have 
never  been  reported  in  the  literature. 

An  examination  of  the  literature  reveals  only  two  authentic  hosts 
for  Arduen/na  strongylina,  namely,  the  European  wild  boar  and 
domestic  swine,  although  most  writers  subsequent  to  Diesing  (1851a) 
have  included  the  peccary  in  their  lists  of  hosts. 

Diesing  (1851a)  identified  as  Spiroptera  strongylina  sonie  specimens 
of  worms  in  the  Vienna  museum  collected  by  Natterer  in  Brazil, 
April  24,  1826,  from  the  stomach  of  the  white-lipped  peccary  (Dico- 
iyles  laMatus)  and  labeled  Spiroptera  suis  lahiati.  As  a  result  of  his 
identification  he  (Diesing,  1851a)  eidded Dicotyles alhirostris  {^Dico- 
iyles  laJnatus  Cuv.)*  to  the  previously  known  hosts  of  Spiroptera 

1  Dr.  H.  W.  Henshaw,  Chief  of  the  Bureau  of  Biological  Survey  of  the  United  States  Department  of 
Agriculture,  In  reply  to  a  letter  regarding  the  synonymy  of  Dkotylea  labiatiu,  states  (Feb.  24,  1911)  that, 
aooordtaig  to  Dr.  J.  A.  AUen,  of  his  bureau,  Dkotyla  UMaiut  and  oRnrottris  are  synonyms,  labkUut  baying 
praferaice  as  being  the  older  term,  the  ooirect  name,  however,  being  Tayattu  pecari  Fischer. 
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strongylina.    The  specimens  were  subsequeoUy  studied  by  Molin 
(1860b),  recognized  as  a  new  species,  and  named  bj  him  Spiroptera 
sexalata.    Later  helminthologists,  although  accepting  Molin's  species, 
have  continued  to  include  Dicotyles  laMatua  among  the  hosts  reported 
for  Arditenna  strongylina,  apparently  ignoring  the  fact  that  M^Iin's 
(1860b)  correction  of  Diesing's  (1851a)  identification  eliminates  the 
peccary  as  a  host  of  Arduenna  atrcyn- 
gylina,  since    this  species  has   never 
been  reported  in  the  peccary  except  by 
Diesing  (1851a).    Stossich  (1897b)  ap- 
parently  considered   Dicotyles   aibiro- 
stTis  andi>.  labiatits  as  separate  species, 
lis  ting  under  the  formeT Spiroptera  atrorir 
gylina  and  under  the  latter  the  para- 
sites collected  by  Nattererfrom  the  pec- 
cary and  described  by  Molin  (1860b). 
The  stomach    appears    to    be    the 
normal  location  for  Arduenna  strongyliim;  Yon  R4tz  (1899d),  how- 
ever, reports  its^bccurrence  in  the  small  intestine, 

Aiduenna  dmUU  (Von  Linstow,  1904)  Railliet  and  Henry,  1911. 
Von  Linstow's  {I904f)  description  of  this  species  is  as  follows: 
Cuticula  finely  annulated.    The  mouth  leade  int«  a  pharynx  0.11  mm.  long.    ltd 
entrance  ia  armed  with  a  dorsal  and  a  ventral  tooth;  the  mouth  ia  a  tranisverse  slit,  the 
bonier  of  which  dhows  both  an- 
teriorly   and    poeteiiorly,    three 
notchee   with    papilte  (fig.    16). 


Fia.  lli,—ATianna  intala.  Medlao  view 
of  cephallo  end.  ph.,  phoryrix;  t.  b.  c, 
teetb  ol  tbe  buccal  capsule.  Enluged. 
(Aller  Von  Linstow,  IWMt,  PI.  I,  flg.  fi.) 


of  the 


The  esophagus  n: 

entire  length  and  presents  a  spiral 
musculature.  In  a  young  worm 
14.6  mm.  loug,  the  nerve  ring 
surrounds  the  esophagus  2.64  mm. 
from  the  head  end,  and  the  excre- 
tory pore  opena  at  a  point  situated 
0.31  mm.  behind  it.  The  male 
(25  mm.  long  by  0.79  mm.  broad) 
has  a  closely  involuted  tail  which 
reeembles  that  of  SpiropUra 
itrongylina.  The  spiculee  are  re- 
spectively 0.35  and  0.92  mm.  long, 
the  shorter  one  bearing  at  its  end 
a  barb.  Immediately  anterior  of 
the  anus  on  each  side  there  are  four  preanal  papilla  situated  close  together;  behind 
it  there  is  one  papilla.  All  have  bng  stalks.  The  anus  is  surrounded  by  a  broad 
ring,  notched  externally;  the  bursa  shows  longitudinal  rows  of  oval  scales.  (Fig.  17), 
The  female  grows  to  a  length  of  55  mm.  with  a  width  of  1.10  mm.  The  short  conical 
tail  is  curved  over  the  back;  the  vulva  is  placed  far  behind  the  middle  and  divides  the 
body  in  the  ratio  of  70  to  23.  The  eggs  are  small,  thick  shelled,  and  cylindrical,  meas- 
uring 0.039  by  0.017  mm. 


Fio.  17.— j4iduniiM  ifUata.  Bum  ol  male,  Tontnl  view. 
CI.,  dOBOa:  L  b.  u.,  left  buraal  wing;  I.  tp.,  long  splcuk; 
jm.  p.,  posUnat  paplUn;  pr.  p.,  preanal  papUlfB;  pr.  r., 
pprianal  ling.  Enlarged.  (After  Von  Linatow,  IMXf,  PI. 
I,  flg.  7.) 
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The  specimens  described  by  Von  Linstow  were  from  the  stomach 
of  Sii8  cristatus  at  Chilaw,  Ceylon,  and  are  deposited  in  the  museum 
of  Colombo.  Railliet  and  Henry  (1911b)  identify  with  Von  Linstow's 
(1904f)  Spiroptera  dentata  certain  parasites  collected  from  the  stomachs 
of  pigs  slaughtered  at  Hu6,  Annam  Province,  Indo-China,  and  include 
them  in  the  genus  Arduenna.  The  specimens  examined  by  Railliet 
and  Henry  (1911b)  differ,  however,  from  Von  Linstow's  (1904f)  de- 
scription in  the  position  of  the  vulva  and  the  length  of  the  spicules. 
According  to  the  former  authorities,  the  position  of  the  vulva  is  diffi- 
cult to  observe,  but  the  spicules  measure  3.75  to  4.23  mm.,  and  640  to 
650  /£,  respectively. 

The  principal  differences  between  Arduenna  dentata  and  Arduenna 
strongylina  are  the  greater  size  of  the  former  and  the  fact  that  the 
chitinous  ring  surrounding  the  cloacal  opening,  described  lovArduennxi 
strongylina,  forms  an  almost  complete  circle  in  the  case  of  Arduenna 
dentata,  while  in  Arduenn^i  strongylina  it  includes  only  the  posterior 
and  left  sides.  Railliet  and  Henry's  measurements  for  Arduenna 
derUata  ELTe:  Males:  25  to  35  mm.  long  by  700  to  800 /u  broad;  females: 
40  to  55  mm.  long  by  1.1  to  1.2  mm.  broad. 

Genus  PHYSOCEPHALUS  Diesing,  1861. 

Genebic  diagnosis. — ^Filariidae:  Body  elongated,  subcylindrical,  slightly  tapering 
anteriorly.  Head  marked  off  from  the  rest  of  the  body  by  a  cuticular  inflation  ending 
abruptly  in  a  circular  line  a  short  distance  anterior  of  the  posterior  end  of  the  pharynx. 
Extending  from  the  base  of  the  cuticular  inflation  to  about  the  middle  of  the  body 
are  6  lateral  cuticular  wings,  3  on  each  side,  the  middle  wing  of  each  3  being  broader 
than  the  other  two.  Mouth  with  2  trilobed  lips,  with  a  rounded  papilla  on  each  lobe, 
and  leading  into  an  inconspicuous  buccal  capsule  without  teeth.  Pharynx  relatively 
long  and  broad,  marked  by  prominent  ridges  forming  both  spirals  and  simple  rings, 
and  extending  the  length  of  the  pharynx  on  the  inside.  Tail  of  the  male  twisted 
spirally,  furnished  with  a  narrow  symmetrical  bursa  supported  by  four  pairs  of  preanal 
papilke.  Spicules  long  and  unequal,  the  left  spicule  about  five  times  the  length  of 
the  right  spicule.  Vulva  somewhat  posterior  of  the  middle  of  the  body;  egga  smooth, 
with  thick  shells,  containing  well-developed  embryos  at  the  moment  of  oviposition. 
Endoparasitic  in  the  stomach  of  suidae. 

Type  species. — Physocephalus  seoxdatus  (Molin,  1860)  Diesing,  1861. 

Physocephaltts  sexalatus  (Molin,  1860)  Diesing,  1861. 

1860:  Spiroptera  sexalaia  Molin,  1860b,  p.  957. 

1860:  Spiroptera    strongylina    suis    lahiati:  Molin,    1860b,    p.    957 

(Museum  label). 
1861:  Physocephalus  sexakUus  (Molin)  Diesing,  1861a,  p.  686. 

Specific  diagnosis. — Physocephalus:  Head  about  60  ju  in  diameter  at  the  anterior 
end,  furnished  with  2  tiilobed  lips,  each  lobe  being  ornamented  with  a  thick,  rounded 
chitinous  papilla  (fig.  15).  The  cuticle  of  the  head,  extending  from  the  mouth  to  a 
point  232  n  from  the  anterior  end,  is  more  or  less  inflated.    Pharynx  cylindrical,  263 
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to  315  p  long  by  53  p  wide,  f  iiniiched  with  a  spiral  band  which  usually  brcaka  up  into 

eeparat«  rings  in  the  middle  of  its  rourae  and  resuinea  tho  spiral  toward  the  posterior 

end.     The  number  of  turns  to  thB  spiral  varies  between  21  and  25.     There  ia  a  cervical 

papilla  on  the  leftside,  281/1  from  the  anterior  end.     The  excretory  pore  opens  on  the 

right  Bide,  526  p  from  the  anterior  end.     The  lateral  cuticular  wings,  3  on  each  aide, 

commencing  at  the  base  nf  the  cephalic  cuticular  inflation,  extend  posteriorly  for  a 

diatAQce  about  one-third  of  the  body  length.     The  middle  wing  of  each  three  is  60  ;i 

wide  at  its  middle,  the  point  of 

^"^  greatest  width.     The  other  winga 

aie  about  half  s»  wide  (fig.  18). 

ifol;,  6  to9mm.  long,  measured 
in  aetraight  line.  Body  nearly 
uniform  in  diameter,  averaging 
263  p,  and  atlaining  ita  greatest 
width  of  315 /I  at  the  point  of  the 
greatest  widlh  of  the  Uteral 
wingB.  The  narrow  bursal  mem- 
branes, about  half  the  width  of 
the  body,  exl«nd  from  a  point 
about  1,4  or  1.5  mm.  from  the 
t^  caudal  extremity,  to  and  includ- 

ing the  bluntly  pointed  tip  (fig. 
19).  Caudal  extremity  twisted 
into  afairly  regular  spiral,  having 
usually  three  turns.  Long  spicule 
grooved  on  the  ventral  side,  2.1 
^  to  2.25  mm.  in  length,or  fiveto 
six  times  the  length  of  the  short 
spicule,  very  slender,  gradually 
a  tapering  to  a  fine  needle  point. 
Short  spicule  300  to  350  ;i  long, 
relatively  broad  at  its  base,  sud- 
denly tapering  to  a  fine  point. 
The  ventral  surface  of  the  short 
spicule  is  provided  with  a  narrow 
wing  extending  nearly  to  the  tip. 

I  Bursa  furnished  with  eight  pairs 

ijQ^^  otpapilte(fig.20).    Of  these  the 

1^^  four  pairs  of  preanal  papill«  are 
p.,  long  and  stalked;  the  postanal 
P;  papilliP,  close  to  the  tip  of  the  tail, 
™  are  very  small,  with  short  stalks. 
Female  13  to  19  mm.  long, 
averse  about  16  or  17  mm.  Maximum  width,  333  to  450  p  in  the  region  directly 
anterior  of  the  anus.  The  body  rapidly  increases  in  diameter  from  the  anterior 
end  to  the  r^ion  of  greateet  width  of  the  lateral  cuticular  wings.  At  this  point 
the  diameter  is  nearly  as  great  as  in  the  region  of  tho  anus.  It  then  rapidly 
diminishes  1o  half  as  much  at  the  end  of  th&  fiist  third  of  tbe  body;  then  slowly 
increasing,  it  reaches  a  maximum  near  the  anus  and  abruptly  diminishes,  the 
body  ending  in  a  blunt  point  furnished  with  a  mucronate  tip.  Anus  120  p  from  the 
caudal  end,  50;t  in  diameter  (fig.  21).  Vulva  posterior  of  the  middle,  35  p  in  diam- 
eter, dividing  the  body  in  the  ratio  of  9  to  8.  The  vagina  extends  posteriorly  (fig.  22). 
Uterus  bilobed,  the  ovaripa  lying  at  opposite  extremities.  Eggs  34  by  15  ;i,  slightly 
flattened  at  the  poles.    Embryo  well  developed  before  oviposition  {fig,  23). 


Fic  13. — FhftoctpAaliu  taalatut.  IXjrsa]  vLc 
end  of  body.  t.  cur.  Inf.,  cephalic  cuticular  I 
c«rv{ca]  papilla;  rf.,flsopbB£U9;  n.  p.,excmtoT 
labial  paplllff';  I.  e.  w.,  IslersI  cuticular  «Ibi 
rln;;  pft.,  pharynx.    X  lAO.    (Orighul.) 
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Hosts. — White-lipped  peccarj'  (Tayaxtu  peeari),  wild  boat  (Sui  Km/a  /era), 
domestic  htg  {Sug  tcro/a  domestica). 

Location. — Stomach  and  smaJl  iiifoMtine. 

Localities  coLLEfrrED, — Brazil;  Ilaly;  Germany;  Roumania;  Madagascar;  Indo- 
ChiDa;  United  States,  east,  middle,  and  soHthwest.  (Apparently  same  rauge  aa 
Ardumna  tlrongylina.) 

Aa  already  mentioned,  Physoceph- 
ahis  aexalatua  was  first  identified 
as  Spiroptera  strongylina  by  Diesing 
(1851a).  Molin  (1860b)  subse- 
quently described  the  specimens 
under  tbe  name  Spiroptera  sexahia, 
and  the  following  year  Diesing 
(1861a,)  placed  the  species  in  a  new 
genus  Physocephalua,  of  which  it  is 
the  type  and  only  species.  The 
spei'imens  studied  both  by  Molin 
and  Diesing  were  collected  by  Nat- 
tererfrom  the  white-lipped  peccary 
in  Brazil,  April  24,  1826,  and  depos- 
ited in  the  Vienna  Museum  labeled 
Spiroptera  strongylina  suis  labiali. 

Molin's  (1  $60b)  somewhat  meager 
description  sums    up    the  saUent  ™. 

points  (the  lateral  wings  and  spiral 
tail  of  the  male)  by  which  Pky- 
aocephalus  sexalatus  may  be  recog- 
nized. He  describes  tlie  males  as 
7  mm.  long  and  2  mm.  wide,  and 
the  females  as  9  to  13  mm.  long  and 
3  to  5  mm.  wide.  The  mouth  is  de- 
scribed as  bilobed,  each  lobe  with  a 
three-cornered  margin.  Diesing 
(1861a),  although  creating  a  new 
genuff  from  Molin's  species,  adds 
little  to  our  knowledge  of  its  anat^ 
omy. 

It  has  already  been  noted  that 
Von  Linstow  (1879b)   has  appar-    Fio,is.-p*jf< 
ently  mistaken  Phyaocephatia  sexa-      "        "  " 
lotus    for    Arduenna     stnmfftflina. 
His  measurements  of  the  spicules 
(0.72  mm.  for  the  long  and  0.26  mm.  for  the  sliort  spicule)  are,  how- 
ever, much  too  short  for  A.  strongylina  and  also  for  P.  sextdaius. 

Von  Drasche  (1884a),  in  his  reexamination  of  Diesing's  and  Molin'f 
specimens,  made  a  careful  study  of  the  bursal  papilJse  and  the  struc- 


lataius.  Posterior  ond 
otbodyof  male.  6.  u>.,  bursal  wing;  cl.,c\oee»\ 
I.  tp.Jong  spli^ule;  pr.  p.,  praanal  papillse;  <. 
jp.,  short  spicule;  P.  r.  e.,  veotral  ridge  ol  the 
cuticle.    X  SO.   {Original.) 
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ture  of  the  lateral  wings,  illustrating  tlie  description  with  drawings, 
which  were  of  great  value  to  the  present  writer  in  verifying  his  iden- 
tification. In  common  with  Railliet  and  Henry  (1911b)  the  present 
writer  was  unable  to  find  the  pair  of  papillre  depicted  by  Von  Drasche 
(18S4a,  fig.  24  of  this  article)  close  to  tlie  edge  of  the  anus.  Ciurea 
(1912),  however,  depicts  a  pair  of  papillse  immediately  posterior  of 
the  anus,  which  he  states  are  not  easily  seen.  At  the  extreme  tip  of 
the  tail  Von  Drasche  (fig.  24)  shows  three  pairs  of  minute  apparently 
sessile  papillse.  In  reality  there  are  four  pairs  of  minute  staked 
papillee  at  this  point.    These  appeared  very  clearly  with  a  high 


Fio.  30.—PkftBaiiAabH  malatui.  Bursa  of  male,  viewed  from  left  side,  el.,  doacs;  1.  b.  k,,  left  buml 
wing;  t.  ip.,  lung  splculei  pa.  p.,  postanal  paplUs;;  pr,  p.,  preaoBl  p*plUx:  r.  b.  w.,  right  buisal  wing; 
(t.t.ip.,sheatli  of  short  spiouK  >.>p.,ahort  spicule;  c.  ii>.,vaDtral  wing  of  short  spicule.    X  ICO.    (Orig- 

power  in  mounts  presenting  a  somewhat  lateral  view  (fig,  20).  The 
structure  at  the  tip  of  the  tail  with  its  rows  of  minute  papillce  is  not 
unlike  that  depicted  by  Ciurea  (1911)  for  the  bursa  of  Arduenna 
strongyUna.  As  already  stated,  however,  no  such  structure  was  seen 
by  the  present  writer  on  the  bursa  of  this  species.  In  a  cross  section 
of  P.  sexalaius  (fig.  25)  Von  Drasche  shows  that  the  projecting  cuticle 
forming  the  lateral  wings  has  corresponding  depressions  inward. 

Stossich's  (1897b)  description  of  P.  sexalatys  follows  that  of  Molin 
and  Von  Drasche.  Piana  (1897e),  in  an  article  on  Sinwndsia  puTO- 
doxa,  mentions  finding  two  other  species  of  nematodes  in  the  same 
bottle  containing  the  specimens  of  Siraondsia.  He  identified  these 
as  being  Spiropiera  stroTigylina  and  Pkysocepkalus  sexalatua.  .These 
specimens  were  from  an  Italian  pig. 
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Railliet  and  Henry's  (1911b)  description  of  Physocephdlus  aexa- 
lotus  is  based  on  specimens  collected  from  a  hog  slaughtered  at  Hu6, 
Indo-Cbina.  These  authors  also  report  having  observed  it  in  material 
from  Madagascar  in  1905. 

Ciurea  (1912)  reported  Spiroptera  aexaiata  in  domestic  swine 
alau^tered  at  Piatra  Neamtz,  Roumania,  in  1910.  Five  out  of  72 
healthy  swine  were  infested  with  from  one  to -thirty  of  these  para- 


BndotbodrofIBinal8,™nti»lTlew.    i,,!!!)!^:  '  U-— _ 

a.M.uMrlOTuMnisKM., Intestine;  l.a.U.,  lOnHII. 

loopotuilariiirutaniii:  iw.,o™ry;  p.u(.,po»-      f,a,  Zi.-PkrxKipluiltu  italaitu.    Vmtnl  viev  o(  body  of  h 
UrkoruMnu.    X  JO.    (Otiglnsl.)  nu)*  In  the  n^too  of  Iha  vuIvb.    Inf.,  Inlestina;  ut.,  ulvma 

c,  vulva;  us.,  vagina,    x  95.    (Original.) 

sites  in  the  stomach.  In  three  cases  they  were  found  associated 
with  Arduenna  atrongylina,  and  once  with  Gnatkostoma  Jiiapidum. 
In  this  latter  case  the  parasites  were  found  in  the  ulcer  caused  by 
Q.  hispidum.  The  worms  were  partially  or  entirely  buried  in  the 
mucosa,  but  no  lesions  were  attributed  to  them.  Ciurea's  (1912) 
description  and  drawings  of  PJiysocepkalua  aexalatua  agree  in  most 
respects  with  the  present  writer's  observations,  the  few  differences 
being  noted  in  the  course  of  this  article. 
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Seurat  (1912)  reports  finding  several  hundred  specimem  of  Spi- 
roptera  aexalata  partially  buried  in  the  mucosa  of  the  stomach  of  an 
—  ass  slaughtered  in  Algeria  during  July,  1911. 

A  subsequent  examination  of  the  fourth 
stomachs  of  six  dromedaries  revealed  numer- 
(j,  ous  specimens  of  this  species  hidden  between 
the  folds  of  the  mucosa,  associated  with 
rtO.  Haemonchus  coniortus.  While  the  description 
of  t)ie  specimens  agrees  in  general  with  the 
present  writer's  observations,  the  measure- 
ments are  all  somewhat  larger.  The  width 
of  the  middle  lateral  wing  (110  to  120  [t  as 
given  by  Seurat)  is  over  twice  as  great  as 
that  given  hy  tlie  present  writer,  while  the 
vulva  is  described  as  located  at  the  anterior 
third  of  the  body,  instead  of  sUghtly  posterior 
of  tlie  middle,  as  described  by  Railliet  and 
Henry  (1911b),  Ciurea  (1912),  and  Foster 
.  jj-)i  t  (1912)  (the  present  article). 

'  ^A^  Seurat  (1912)  also  found  in  the  dromedary 

Fig.  23.— Pitaoavhalut  uiaialtu.  ,  i  p  i  ■   i     i  ■  i  ■    , 

LnierBi  view  oi  egg  removeu  another  form  which  ho  cousidcrs  as  a  variety 
''ibi^'"**'"*^  "T"-  't'  "^^  designates  as  var.  criaUUa.  This  form 
embryo;  ik.,  sbeii.  X  i,»5o!  is  distinguished  from  the  typical  species  by 
(Original.)  havii^  four  longitudinal  crests  on  the  head, 

formed  by  four  cuticular  folds,  and  having  four  cuticular  spines  in 

the  mouth  cavity.    In  this  variety  the  position  of  the  vulva  is  not 

constant,  but  varies  from  the  posterior 

third  of  the  body  to  an  anterior  position. 
As   Seurat'a    (1912)    measurements  of 

PhyaocepJuilus  sexaUUua  differ  considerably 

from  the  present  writer's,  and  as  the  species 

has  hitherto  been  reported  only  in  the 

Suidfe,  it  would  seem  desirable  to  reserve 

an  opinion  until  his  statements  can  be 

confirmed. 

The  stomach  is  the  normal  location  for 

Physocephalne    aexalatus.  .  Von    Linstow 

(1879b)  reports  Fihria  strongylina  as  col-    p,,,  u.-pi,tii,c,pkaiu,  taaiMi. 

lected  from  the  small  intestine  of  a  hog      Bursaofmaie.vBntrniTiBw.  <«i.p., 

L      r\      xr    Ti     -  t  a^    J.X        i.        *      i,  ndaoal  papQla;  1. 6.  ic.,  lett  bursal 

by  Dr.  V.  Hering,  of  otuttgart.     As  has       n-mg:  r«p.,iong!piciii«;  p<i.p.,port- 
been  shown,  Von  Linstow  apparenUy  con-       "''"'i;'^l'^";;Sr°'"**^lllS 

'  ^^       .  1       »     T  r.o-K..rieQtDursalwtag;»,»p., Short 

fused   PhySOCephalUS   SeXOtOiuS  with  Ardu-         spicule.    X280.  (AtWrVon  Draach*,    ^ 

enna  stTongylina;  it  would   seem   there-  '    "  ' 

fore,  that  P.  sexahius  may  occasionally  occur  in  the  small  intestine. 
In  most  specimens  examined  by  the  autlior  the  cuticle  of  tlie  head 
appears  as  shown  in  fig.  18,  which  is  closely  similar  to  the  form 
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/c^ 


TlQ.25.^Physoccphalutsexalatus.  Cross 
section  through  anterior  part  of  body. 
bd.  w.,  body  wall;  I.  c.  w.,  lateral  cu- 
tlcular  wings.  X  280.  (After  Von 
Drasche,  1884a,  PI.  XIV,  flg.  4.) 


e.eui3it^i 


depicted  by  Von  Drasche  (1884a).  In  about  20  per  cent  of  the 
specimens  examined,  however,  the  cuticle,  from  the  lips  to  the 
beginning  of  the  lateral  cuticular  wings, 
is  inflated  into  two  hemispherical  vesicu- 
lar wings  (fig.  26).  This  second  form  is 
not  mentioned  by  Molin  (1860b)  or  Von 
Drasche  (1884a),  but  possibly  may  be 
referred  to  by  Diesing  (1861a)  in  the  ex- 
pression ^^epidermide  in  buUam  inflata 
tunicatum''  in  his  description  of  the 
genus  Physocephalus. 

The  pharynx  of  P.  sexalcUus  is  about 
three  times  as  long  and  twice  as  broad  as 
that  of  ArdiLenna  strongylinaj  and  this, 
together  with  the  lateral  wings  character- 
istic of  the  genus,  are  the  salient  points  in 
distinguishing  the  females  of  the  two  genera.  At  first  sight  the 
ridges  of  the  pharynx  appear  to  form  separate  rings  and  are  so 

described  by  Von  Linstow 
(1879b  and  in  litt) .  By  careful 
focusing,  however,  it  is  seen 
that  these  ridges  form  a  simple 
spiral  at  the  anterior  end  of  the 
pharynx  and  after  making  four 
or  five  turns  split  up  into  sepa- 
rate rings.  At  the  posterior 
end  of  the  pharynx  they  are 
again  joined  into  a  simple  spiral 
(fig.  18) .  The  final  loop  of  the 
anterior  spiral  forms  the  first 
ring  of  the  series,  and  the  begin- 
ning of  the  posterior  spiral  takes 
its  origin  from  the  lower  part  of 
the  last  ring.  The  number  of 
loops  to  the  spirals  and  the  num- 
ber of  separate  rings  is  subj  ect  to 
considerable  variation.  A  rather 
extreme  case  is  seen  in  fig.  27. 
Here  the  first  spiral  has  five 
loops  followed  by  a  detached 
ring.  This  in  turn  is  followed 
by  a  spiral  of  four  loops,  after 
which  are  two  detached  rings. 
The  final  spiral  consists  of  11 
continuous  loops.  In  every  case,  however,  so  far  as  observed,  the  ridges 
form  both  spirals  and  rings,  commencing  and  ending  with  a  spiral,  and 


Fio. 26.—Pkptocephdluasexdlaitt8.  Ventral  view  of  body 
of  female,  a. ,  anas;  e.  cut.  inf. ,  cervical  cuticnlar  Infla- 
tion; I.  e.  w.f  lateral  cuticular  wings;  v.,  vulva.  X  7. 
(Original.) 
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not  a  series  of  parallel  bands,  as  described  by  Von  Linatow  (1879b),  or  a 

continuous  spiral,  aa  described  by  Von  Drasche  (1884a),  R&illiet  and 

Henry  (1911b),  and  Ciurea  (1912). 
RaiUiet  and  Henry  (1911b)  mention  two  asymmetrical  cervical 

papillaa,  the  right  papilla  being  220  /i  and  the  left  420  p.  from  the 
anterior  end.  As  seen  by  the  present 
writer  the  left  papilla  has  a  broad 
base  and  a  blunt  point  and  pene- 
trates the  cuticle  281  /i  from  the  an- 
terior end,  or  a  little  anterior  of  the 
base  of  the  cephalic  inflation.  The 
right  papilla  was  not  seen  by  the 
present  writer,  but  on  the  right  side, 
not  far  from  the  location  of  the  papilla 
as  given  by  Railliet  and  Henry 
(1911b),  the  excretory  canal  opens. 
The  end  of  the  canal  is  a  slender 
tube  penetrating  the  middle  lateral 
wing  and  looking  not  unlike  a  long 
stalked  papilla  (fig.  18).  Its  true 
nature  has  been  shown  by  Ciurea 
(1912),  who  made  a  cross  section  of 
the  worm  at  this  point.  The  lateral 
situation  of  the  excretory  pore  is  ap- 
parently unique  among  nematodes, 
the  usual  situation  being  ventral. 

The  lateral  cuticular  wings  unite 
just  posterior  of  the  base  of  the  ce- 
phalic inflation  (fig.  18).  Here  the 
cuticle  forms  an  inverted  pocket  like 
the  handle  of  a  table  drawer  (fig.  27). 
The  lateral  cuticular  wings  are  densely 
striated  at  the  base,  giving  them  a 
puckered  appearance.  Although  the 
uticle  of  the  entire  body  is  striated, 
these  striations  appear  more  promi- 
nently on  the  lateral  wings,  particu- 
larly at  their  base,  than  elsewhere. 
The  esophagus,   about  four-fifths    of 

the  length  of   the  lateral  wings,  is   densely   striated  transversely, 

with  a  very  narrow  lumen;  nerve  ring  439  ^  from  the  anterior  end 

(fig.  18).    The  intestine  is  more  or  less  convoluted  throughout  its 

course,  especially  posteriorly. 

The  male  (fig.  28)  is  about  half  the  length  of  the  female,  but  as  2 

to  3  mm.  of  the  posterior  end  is  twisted  into  a  spiral,  its  apparent 

length  is  much  shortened. 


LstenI 


Fia.  m.—PkiHXtvt'aiut  letoluiu 
vlen'  ol  anlerloi  end  ol  body, 
cervlral  cuticular  Inflatioa;  eat.,  cullcle; 
rt..  ewpbaeu];  n.  p.,  txavVtrj  pore;  lot. 
p.,hblalpaplUte:  1. 1 
wings:  n-  r.,  Derra  ring;  pA.,  pbarTDX. 
X  IM.    (Orighul.) 
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The  spiral  of  the  caudal  end  of  the  male  appeared  in  a  few  cases  as 
a  single  coil  like  that  of  Arduenna  gtrongylina.  In  other  cases  it  con- 
sisted of  an  irregular  double  twist  (fig.  28).  .In  the  greater  number 
of  specimens  examined,  however,  it  formed  a  broad  open  spiral  like 
a  corkscrew  (fig.  19).  Comparing  the  spiral  to  the  thread  of  a  screw, 
and  considering  the  tip  of  the  tail  as  the  point  of  the  screw,  the  spiral 
resembles  a  left-handed  screw  with  three  (rarely  four)  threads;  no 
cases  were  seen  in  which  the  spiral 
revolved  in  the   opposite  direction. 

The  bursal  wings  are  described 
as  symmetrical  by  Railliet  and 
Henry  (1911b)  and  are  so  depicted 
by  Von  Drasche  (1884a).  The  right 
wing  is,  however,  a  little  longer  than 
the  left  wing  (fig.  19).  Qurea  (1912) 
considers  that  it  is  also  narrower, 
but  this  statement  could  not  be  veri- 
fied  by  the  present  writer.  Qurea 
(1912)  states  that  the  bursal  wings 
extend  throughout  the  twisted  poi^ 
tion  of  the  tail.  As  seen  by  the 
present  writer  they  extend  only  about 
half  this  distance  (fig.  19).  The 
cuticle  on  the  ventral  side  of  the 
male  (fig.  19),  commencing  at  some 
distance  anterior  of  the  spiral,  is 
marked  with  longitudinal  striations 
intercepted  by  transverse  lines,  ap- 
pearing under  high  power  as  longi* 
tudinal  folds  of  the  cuticle  separated 
by  transverse  ridges.  A  similar  struc- 
ture has  already  been  noted  on  the 
ventral  surface  of  ArdiLeuTia  strongy^ 
Una  (fig.  2).  As  in  most  nematodes, 
the  papill»  are  arranged  symmetri- 
cally on  either  side  of  the  median 
line.  Their  grouping  and  structure 
have  already  been  discussed. 

The  intestine  is  much  convoluted,  growing  broader  close  to  the 
cloaca.  The  vesicula  seminalis  occupies  most  of  the  body  cavity  in 
the  posterior  end,  maintaining  a  fairly  uniform  diameter  until  it 
disappears  dorsal  of  the  intestine  which  conceals  the  ductus  ejacu- 
latorius.  The  long  convoluted  testis  which  extends  to  the  middle  of 
the  body  presents  no  specific  characteristic  features.    The  anus  is 


Imm. 


Fio.  2&.—'Php8oeephalU8  aexdlatua.  General 
view  of  body  of  male.  6. ,  buna;  et.,  eeopb- 
agus;  «pf.,  spicules.    X  23.    (OriglDaL) 
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circular,  like  that  of  Arduenna  strongylina,  but  not  surrounded  by  a 
serrated  ring. 

}  The  vulva  (36  fi  in  diameter),  as  in  Arduenna  strongylina,  appar- 
ently occupies  a  somewhat  lateral  rather  than  ventral  position,  open- 
ing toward  the  right  side  (fig.  22).  It  is  situated  just  below  the 
middle  of  the  body,  dividing  the  worm  in  the  ratio  of  9  to  8.  Accord- 
ing to  Ciurea  (1912)  the  cuticle  in  the  region  of  the  vulva  is  marked 
with  longitudinal  thickenings  which  may  interlock  with  the  cuticular 
ridges  on  the  ventral  surface  of  the  male,  and  thus  assist  in  maintain- 
ing the  position  of  the  male  in  copulation.  The  vagina,  extending 
posteriorly  along  the  right  side,  is  at  first  50  ;£  in  diameter,  but  gradu- 
ally broadens  to  105  /£  at  its  posterior  end,  where  it  disappears  from 
the  ventral  side,  extending  dorsal  of  a  lobe  of  the  uterus.  The  dis- 
tance from  the  vulva  to  this  point  is  976  jn.  The  wall  of  the  vagina 
is  relatively  thick,  composed  of  transverse  muscle  fibers.  The  lumen 
is  20  /£  in  diameter.  Eggs  containing  well-developed  embryos 
ready  to  pass  out  could  be  seen  in  single  file  in  the  lumen  of  the 
vagina  near  the  opening  (fig.  22).  Railliet  and  Henry  (1911b) 
describe  the  vulva  as  opening  posteriorly  at  the  limit  of  the  third 
and  four  fifths  of  the  body.  Von  Linstow  (in  litt)  places  it  somewhat 
posterior  of  the  middle  of  the  body,  dividing  the  worm  in  the  ratio 
of  10  to  9. 

The  arrangement  of  the  uteri  and  ovaries  in  the  body  of  the  female 
is,  so  far  as  could  be  seen,  similar  to  that  of  Arduennu  strongylina. 
The  convoluted  ovary  of  the  posterior  uterus  occupies  the  caudal 
extremity  of  the  worm,  its  terminus  disappearing  dorsal  of  the  pos- 
terior uterus.  A  loop  of  the  anterior  uterus  extends  nearly  to  the 
caudal  end.  The  exact  length  of  the  vagina  was  not  determined. 
A  loop  of  the  posterior  uterus,  corresponding  to  the  loop  of  the  anterior 
uterus,  lies  underneath  the  anterior  uterus  and  extends  nearly  to  its 
terminus.  The  union  of  the  vagina  with  the  uteri  was  not  seen,  nor 
was  the  anterior  ovary  traced  throughout  its  length.  While  neither 
uterus  was  followed  throughout  its  entire  length,  the  two  termini, 
one  posterior  the  other  anterior,  the  posterior  uterine  loop,  and  the 
anterior  loop,  are  all  similar  to  the  arrangement  seen  more  clearly  in 
Arduenna  strongylina. 

Gurea  (1912)  depicts  a  pluglike  protuberance  at  one  of  the  poles 
of  the  eggs  of  PhysocepJialus  sexalatus,  which  bears  a  superficial  re- 
semblance to  the  operculum  of  a  Trichuris  egg,  but  does  not  penetrate 
the  eggshell  as  in  the  latter  case.  This  feature  was  not  seen  by  the 
present  writer;  however,  a  faint  transverse  line  could  be  seen  at 
either  pole  (fig.  23),  which  apparently  is  the  line  of  fissure  along  which 
the  shell  breaks  when  the  embryo  is  Uberated. 
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COMPARISON    OF    PHYSOCEPHALU8    SEXALATUS    AND    ARDUENNA 

STRONGYLINA. 

The  following  comparison  of  appearances  of  Arduenna  strongylina 
and  Physocephalus  sexalatus  will  assist  in  separating  the  two  species 
without  the  aid  of  a  magnifier.  - 

Males, — ^Tail  of  Physocephalus  sexalatus  ending  in  a  spiral,  Ardu- 
enna strongylina  ending  in  a  single  coU;  Physocephalus  sexalatus 
shorter  and  slenderer  than  Arduenna  strongylina. 

Females. — Physocephalus  sexalatus  straight,  or  nearly  so;  speci- 
mens preserved  in  alcohol  when  lifted  out  of  a  petri  dish  with  a 
needle  bend  sharply  in  the  middle.  Body  slenderer  than  Arduenna 
strongylina,  except  toward  the  posterior  end,  which  is  thicker  and 
blunter. 

Alcohol  specimens  of  Arduenna  strongylina  are  usually  curved  in  a 
half  circle.  They  are  thicker  in  the"  middle  of  the  body  than  Physo- 
cephalus sexalatus  and  pointed  at  both  ends.  On  being  lifted  with  a 
needle  they  do  not  collapse  like  Physocephalus  sexalatus,  but  maintain 
their  crescentic  shape. 

As  has  already  been  stated,  MoUn  (1860b)  was  the  first  to  distin- 
guish this  species  from  Arduenna  stron^lina,  with  which  it  had  been 
confused  by  Diesing  (1851a).  'Besides  the  specimens  from  the  white- 
lipped  peccary,  Molin  (1860b)  also  found  two  females  of  this  species 
in  a  bottle  containing  specimens  of  Arduenna  stron^lina  collected 
by  Bremser  from  the  stomach  of  the  wild  boar  and  deposited  in  the 
Vienna  Museum.  That  it  has  only  twice  been  reported  in  Europe 
in  association  with  Arduenna  strongylina  is  perhaps  due  to  confusion 
of  the  two  species,  an  error  which  appears  to  have  occurred  in  at  least 
one  case  (Von  Linstow,  1879b).  In  the  United  States  it  has  been 
found  in  nearly  every  case  in  which  specimens  of  Arduenna  strongylina 
have  been  collected. 

OTHER  SPECIES  REFERRED  TO  PHYSOCEPHALUS  SEXALATUS. 

Two  other  worms  have  been  thought  by  diflFerent  writers  to  be  possi- 
bly identical  with  Physocephalus  sexalatus,  viz,  Simondsia  paradoxa 
(Cobbold,  1864b)  from  Sus  scrofa  domestica  and  FHaria  nitidvlans 
(Schneider,  1866a)  from  Tapiras  americamis. 

Simondsia  paradoxa  was  collected  from  the  stomach  of  a  German 
hog  kept  at  Regent's  Park,  Ijondon,  and  was  described  by  Cobbold 
(1864b).  In  a  later  work  (1879b)  Cobbold  suggests  the  possibiUty 
of  the  worm  being  identical  with  Physocephalus  sexalatus.  The 
immensely  hypertrophied  uterus  of  Simondsia  paradoxa,  forming  a 
rosette  entirely  covering  the  caudal  end  of  the  female,  however,  clearly 
differentiates  this  species  from  Physocephalus  sexalaius. 
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In  his  description  of  Physocephdhis,  Von  Drasche  (1884a)  suggests 
the  possibility  that  Schneider's  (1866a)  FHaria  nitidulans  may  be 
identical  with  P.  sexalatus.  Both  worms  are  characterized  by  three 
lateral  wings  on  either  side,  and  the  caudal  extremity  of  the  males  of 
both  species  are  ahke  in  the  number  and  arrangement  of  the  papillae. 
The  measurements  of  FUaria  nitidulans  (males  20  mm.,  females  32 
mm.)  are,  however,  far  in  excess  of  the  measurements  for  Phyao- 
cephalv^  sexalatua,  and  the  position  of  the  vulva  of  FUaria  nitidulans 
is  stated  as  **  directly  above  the  anus,"  while  the  vulva  of  Physo- 
cephalus  sexalatus  is  slightly  posterior  of  the  middle  of  the  body. 
Ciurea  (1912),  who  has  recently  reexamined  Schneider's  material,  was 
unable  to  determine  the  location  of  the  vulva  of  F.  nitidulans.  He 
gives,  however,  a  sununary  of  the  differences  between  FUaria  nitidvr- 
lans  and  Physocephalus  sexalatus,  proving  conclusively  that  they  be- 
long to  different  species,  although  he  considers  that  FUaria  nitidulans 
should  be  included  in  the  genus  Physocephalus.  Stossich  (1897b),  fol- 
lowing Von  Drasche's  (1884a)  suggestion,  considered  the  worms 
identical.  He  listed  Tapirus  americanus  as  a  host  of  Physocephalus 
sexalatus  and  combined  Molin's  (1860b)  measurements  of  P.  sexalatus 
with  Schneider's  (1866a)  measurements  of  FUaria  nitidulans. 

DISTBIBimON  OF  ABDUBNNA  STBQNaTLINA  AND  FHYSOGBPHA- 

LTJS  SEXALATUS  IN  THE  UNITED  STATES. 

Of  nine  lots  of  Arduenna  strongylina  collected  in  various  parts  of 
the  United  States  and  now  deposited  in  the  helminthological  collection 
of  the  Bureau  of  Animal  Industry,  only  two  have  been  found  not  to 
contain  examples  of  Physocephalus  sexalatus,  and  both  of  these  lots 
contain  only  a  few  specimens.  The  distribution  of  Arduenna  strongy- 
lina is  therefore  similar  to  that  of  Physocephalus  sexalatus,  since  the 
latter  species,  according  to  the  writer's  experience,  is  practically  always 
associated  with  the  former. 

To  determine  the  distribution  of  these  parasites  and  the  frequency 
of  their  occurrence  in  the  United  States  the  literature  was  searched 
for  references  to  Spiroptera  strongylina.  Four  such  references  were 
found,  as  below;  in  most  cases  Physocephalus  sexalatus  was  probably 
also  present  but  not  recognized. 

1.  Curtice  (1892g),  in  a  list  of  parasites  infesting  domestic  animals 
and  man  in  the  United  States,  includes  the  following  entry :  "Spiroptera 
strongylina  Rud.  Host,  Sus  scrofa  domestica.  Location,  stomach," 
followed  by  the  remark, '  *Is  often  found  with  the  food  and  attached  to 
the  walls."  Specimens  No.  2058  of  the  helminthological  collection  of 
the  Bureau  of  Animal  Industry  were  collected  and  identified  by  Cur- 
tice as  Spiroptera  stron{fylina.  These  specimens  have  been  examined 
by  the  writer,  who  verified  Dr.  Curtice's  identification.  A  few  exam- 
ples of  Physocephalus  sexalatus  were  also  present. 
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2.  Stiles  and  Hassall  (1894e)  include  Spiroptera  strongylina  in  their 
preliminary  catalogue  of  the  parasites  in  the  collection  of  the  United 
States  Bureau  of  Animal  Industry.  They  report  the  parasite  as  com- 
mon. The  specimens  referred  to  by  them  (No.  2067  of  the  bureau 
collection)  have  been  reexamined  by  the  writer,  and  many  specimens 
of  Ph/ysocephalus  sexalatus  were  found  with  the  specimens  of  Arduenna 
stronffylina.  Stiles  and  Hassall's  specimens  were  collected  at  Ben- 
ning,  D.  C. 

3.  Francis  (1894a)  reported  Spiroptera  sfrongylina  in  a  list  of  para- 
sites collected  by  him  in  Brazos  County,  Tex.  It  is  reported  as  com- 
mon. The  specific  name  is  followed  by  an  interrogation  point  in 
parenthesis  to  indicate  the  author's  doubt  as  to  the  correctness  of  the 
identification.  Considering  the  inaccuracy  of  the  descriptions  of 
Arduenna  strcmgylina,  then  available,  it  is  not  to  be  wondered  that 
Francis,  noticing  the  discrepancies  between  the  descriptions  and  the 
anatomical  features  seen  in  his  specimens,  should  question  the  identi- 
fication. On  the  other  hand,  it  is  quite  possible  that  the  specimens 
collected  by  Francis  were  Pkysocephalus  sexalaius,  or  included  this 

4.  Kaupp  (1910)  reported  the  occurrence  of  Spiroptera  strongylina 
in  hogs  raised  in  the  Missouri  Valley.  His  article  is  illustrated  with 
original  drawings,  one  of  which  shows  the  caudal  end  of  the  female 
with  the  vulva  apparently  on  the  right  side,  a  little  anterior  of  the 
anus. 

For  the  sake  of  additional  data,  letters  were  sent  to  the  inspectors 
in  charge  at  some  of  the  principal  slaughterhouses  of  the  United 
States,  requesting  information  in  regard  to  the  occurrence  of  Spirop- 
tera stronffylina  in  hogs.  Replies  were  received  from  South  Omaha, 
(Chicago,  St.  Louis,  and  Kansas  City.  The  inspector  in  charge  at 
South  Omaha  reported  that  fully  80  per  cent  of  the  hogs  examined 
were  infested.  It  was  reported  from  St.  Louis  that  **the  worms 
occur  in  considerable  numbers  in  the  mucous  coating  of  the  stomach." 
The  parasite  is  reported  as  very  frequent  in  hogs  slaughtered  at 
Kansas  City;  out  of  1,450  hogs  examined,  1,052  were  infested.  In 
some  stomachs  as  many  as  140  worms  were  collected.  From  CJhicago 
it  was  reported  that  1,000  hogs  had  recently  been  examined,  and  690 
were  found  infested.  The  worms  were  found  on  the  surface  of  the 
mucous  membrane  or  attached  by  the  head.  Several  hundred 
specimens  obtained  by  scraping  the  mucosa  from  the  stomachs  of  a 
number  of  infested  hogs  were  received  from  this  city.  These  worms 
were  found  to  be  Arduenna  strongylina  and  PhysocepTialus  sexalatus. 

Reports  from  slaughterhouses  regarding  the  occurrence  of  parasites 
are  of  but  little  value  in  determining  the  localities  infested  by  a  given 
parasite,  as  the  animals  slaughtered  are  received  from  widely  scat- 
tered sections  of  the  country.    Enough  data  have  been  gathered, 
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however,  to  warrant  the  assertion  that  the  parasites  occur  throughout 
the  middle  and  southwestern  (and  probably  eastern)  United  States. 
Specimens  have  been  collected  by  Hall  in  1908  from  a  hog  kept  at 
Bethesda,  Md.,  in  all  probability  of  eastern  origin.  They  have  also 
been  collected  by  KQbome  at  Washington,  D.  C,  and  by  Stiles  and 
Hassall  at  Benning,  D.  C. ;  in  the  latter  case,  however,  it  is  possible 
that  the  host  animal  had  been  shipped  to  the  local  slaughterhouse 
from  a  Western  or  Central  State. 

RELATIVE  FREQUENCY  OF  THE  TWO   SPECIES. 

That  Physocephalus  sexaiatxis  occurs  less  abundantly  than  Arduenna 
siroTiffylina  in  American  swine  is  indicated  by  the  following  data: 

All  the  worms  contained  in  a  bottle  of  specimens  forwarded  from 
Chicago  were  sorted  out  by  species  and  sex.  The  bottle  contained 
744  specimens.  Of  these^  599,  or  approximately  80  per  cent,  were 
ArdiLenna  strongylina,  and  the  remaining  145,  or  20  per  cent,  were 
Physocephalus  sexalatus.  Of  the  599  specimens  of  Arduenna  strongy^ 
Una,  399,  or  56  per  cent,  were  females,  and  260,  or  44  per  cent,  were 
males.  A  smaller  percentage  of  males  was  found  among  the  speci- 
mens of  PhysocepTudus  sexalatus.  Of  the  145  specimens  found,  69 
per  cent  were  females  and  31  per  cent  were  males. 

LESIONS  ASSOCIATED  WITH  AKDUENNA  STBONOYUNA,  ABDT7EN- 
NA  DENTATA,  AND  PHYSOCEPHALUS  SEXAULTU8. 

From  an  economic  standpoint  these  three  species  are  probably  of 
considerable  importance.  Prior  to  1899  it  was  not  considered  that 
Arduenna  stronffylina  was  especially  injurious  to  swine.  Neumann 
(1892a),  in  mentioning  that  Spiroptera  strongylina  caused  small  sub- 
mucous tumors  of  the  stomach  and  that  no  morbid  disturbances^^ere 
attributed  to  it,  summed  up  the  general  opinion  of  the  time  regarding 
the  economic  importance  of  the  parasite.  More  recent  reports, 
however,  indicate  that  these  parasites  should  be  regarded  as  the 
possible  etiology  of  serious  gastric  disorders. 

Von  Rdtz  (1899d)  found  Spiroptera  strongylina  very  common 
among  swine  in  Hungary,  and  attributed  to  this  parasite  several 
epizootics  of  a  rather  serious  nature,  in  one  of  which,  out  of  a  herd  of 
230  sows,  21  were  seriously  affected  and  6  died.  Some  of  the  symp- 
toms were  described  as  follows: 

The  diseased  sows  suffered  from  loss  of  appetite ,  eating  very  little  and  in  the  worst 
cases  finally  refusing  all  food;  on  the  other  hand,  they  drank  water  excessively  and 
were  very  restless,  continually  pawing  the  ground. 

Describing  the  post-mortem  lesions  seen  in  the  stomach,  Von  R&tz 
says: 

At  the  pyloric  end  the  mucous  membrane  was  covered  with  a  thick,  lamellous, 
firmly  adhering  pseudomembrane,  which  upon  being  removed  revealed  a  superficial 
loss  of  tissue  of  the  mucous  membrane.    Under  the  mucous  membrane  lay  numerous 
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Spiropiera  strongylina  fastened  partly  in  the  stomach  wall,  partly  in  the  paeudo- 
membrane.  In  addition  to  theee  lesions,  dark  red  spots  the  size  of  a  penny  were  to  be 
seen,  corresponding  to  which  were  numerous  openings  the  size  of  a  needle  prick, 
through  which  projected  the  bodies  of  the  nematodes. 

While  no  data  are  at  hand  regarding  the  effect  of  Arduenna  dentaia 
on  its  host,  iii  view  of  its  close  similarity  with  Arduenna  strongylina 
and  the  fact  that  both  species  are  parasitic  in  the  stomach,  it  may  be 
assumed  that  the  former  species  is  as  injurious  as  the  latter. 

RaiUiet  and  Henry  (1911b)  report  that  the  stomach  of  a  sow  from 
Madagascar  from  which  specimens  of  PJiysocepJialus  were  collected, 
presented  a  very  intense  gastritis  with  a  quantity  of  small  elevations 
on  the  mucosa. 

The  information  and  material  supplied  by  the  inspectors  of  this 
bureau  have  shown  that  lesions  of  a  nature  similar  to  those  described 
by  Von  R4tz  are  frequently  associated  with  the  presence  of  Arduenna 
strongylina  in  this  country. 

The  inspector  in  charge  at  South  Omaha  reported  that  ''Ten  per 
cent  of  the  affected  stomachs  show  a  highly  inflamed  zone  surround- 
ing the  infested  area,  and  in  a  few  instances  considerable  ulceration 
exists."  The  inspector  in  charge  at  St.  Louis  was  of  the  opinion 
that  ''they  produce  no  apparent  lesions."  The  inspector  in  charge 
at  Chicago  forwarded,  in  addition  to  the  loose  specimens  already 
mentioned,  several  pieces  of  hogs'  stomachs  showing  the  worms  in 
situ.  The  heaviest  infestations  were  found  in  portions  from  the 
pyloric  end  of  the  stomach,  which  in  one  instance  presented  the 
following  appearances:  A  piece  of  stomach  from  the  pyloric  end 
about  21  cm.  wide  by  20  cm.  long  contained  a  cluster  of  worms  buried 
in  a  glairy  mucous  mass  of  yellowish  color  firmly  attached  to  the  normal 
mucous  membrane,  and  forming,  in  the  opinion  of  pathologists  in  the 
Pathological  Division  of  this  bureau,  to  whom  the  tissues  were  referred, 
a  pseudomembrane  of  necrotic  tissue.  Several  such  worm  clusters 
were  observ^ed  on  the  portion  examined,  the  worms  in  nearly  every 
case  being  buried  in  a  mass  of  mucus,  and  appearing  as  bright  red 
lines  in  the  yellowish  mass.  (See  PI.  I.)  In  places  the  necrotic 
tissue  had  apparently  sloughed  off,  leaving  deep,  red,  depressed  areas 
of  irregular  shape.  These  areas  varied  in  size  from  a  few  millimeters 
to  2  or  3  centimeters  in  diameter.  The  same  lesions  could  be  observed 
under  the  necrotic  tissue  when  this  had  been  removed  with  forceps. 
The  condition  was  described  by  one  of  the  pathologists  as  "undoubt 
edly  ulcerous." 

It  was  suggested  by  the  pathologists  who  examined  the  material 
that  the  pseudomembranes  might  have  been  caused  by  Bacillus 
necrophorus  gaining  an  entrance  to  the  submucosa  as  the  result  of  the 
piercing  of  the  mucous  membrane  by  the  parasitic  worms;  examina- 
tions of  scrapings  from  the  stomach  lesions  revealed  a  few  specimens 
of  the  bacillus.    As  explained  by  Moliler  and  Morse   (1904),  this 


86  THB  ROUNDWORMS  OF  DOMESTIC  SWIKE. 

bacillus  is  normally  found  in  the  stomachs  of  hogs  and  other  animals, 
and  while  under  ordinary  circumstances  it  has  no  pathological  effect, 
if  enabled  through  some  lesion  to  the  mucous  membrane  to  gain 
access  to  impaired  tissue,  its  proliferation  results  in  the  sloughing  of 
the  mucous  membrane  and  the  formation  of  ulcers. 

Mohler  and  Morse  (1904),  describing  necrobaciQosis  of  the  digest- 
ive tract,  state:  "The  necropsy  in  such  cases  revealed  hemorrhages 
and  erosions  in  the  stomach,  but  no  areas  of  coagulation, ' '  an  accurate 
description  of  the  conditions  found  by  the  present  writer.  The  char- 
acteristic odor  described  for  lesions  of  Bacillus  necrophorus  was  only 
faintly  present,  being  modified  perhaps  by  the  boric  acid  with  which 
the  specimen  was  sprinkled  and  which  may  account  for  the  paucity 
of  the  parasitic  flora  found. 

How  deeply  Arduenna  strongylina  is  capable  of  penetrating  into  the 
submucosa  was  well  shown  in  one  of  the  specimens  forwarded  from 
Chicago.  A  piece  of  the  cardiac  portion  of  the  stomach  contained 
a  worm  12  mm.  long  which  had  bored  diagonally  into  the  mucosa  to  a 
depth  of  10  nmi.,  only  the  caudal  end  projecting  above  the  surface. 
The  hole  made  was  similar  to  a  pin  prick,  a  simile  used  by  Von  R6tz 
(1899d)  in  describing  the  lesions  observed  by  him.  Indeed  Von 
R&tz's  description  is  practically  identical  with  the  conditions  found 
by  the  present  writer. 

The  habit  of  boring  into  the  mucosa  characteristic  of  these  para- 
sites would  seem  an  ideal  method  of  inoculating  the  submucosa  of  the 
host  with  Bdcillus  necrophorus  if  any  were  present,  and  this,  consid- 
ered in  connection  with  the  conditions  observed  in  infested  stomachs, 
indicates  that  the  worms  may  be  the  indirect  cause  of  grave  ulcera^ 
tion.  Considered  apart  from  their  possible  rftle  as  infective  agents, 
the  mechanical  injury  to  the  stomach  walls  due  to  the  penetration  of 
the  worms  in  numbers  would  seem  to  be  a  serious  factor  even  if  the 
worms  were  unassociated  with  bacilli.  Moreover,  the  livid  red  color 
of  the  worms  in  situ  in  the  stomachs  examined  would  seem  to  indicate 
that  they  feed  on  blood,  an  additional  reason  for  regarding  them  as 
dangerous  parasites.  The  whole  question,  however,  of  the  patho- 
genicity of  the  parasites,  and  as  to  their  relationship  to  the  lesions 
observed,  remains  open  for  further  investigation. 

An  examination  of  the  stomach  portions  received  showed  specimens 
of  Physocephalus  sexalatus  attached  in  the  same  manner  as  already 
noted  for  Arduenna  strongylina;  hence  the  former  parasite  may  be 
considered  only  less  dangerous  than  the  latter,  as  it  is  less  abundant. 

UFB  HISTOBT. 

Nothing  is  known  in  r^ard  to  the  development  of  the  worms  from 
the  egg  to  the  adult.  The  wide  distribution,  the  frequency  of  the 
parasites,  and  the  similarity  of  the  eggshell  to  that  of  an  ascarid, 


THE  BOUNDWOBMS  OP  DOMESTIC   SWINE.  37 

suggest  the  possibility  that  development  occurs  without  an  inter- 
mediate host.  From  the  fact  that  the  embryos  are  well  developed  in 
the  uterus  before  oviposition^  it  would  seem  that  but  Uttle  time  is 
required  for  incubation,  and  the  thickness  of  the  shell  would  indicate 
the  necessity  of  the  gastric  juice  of  the  host  to  dissolve  the  shell  and 
liberate  the  embryo. 

FBBVBirnVE  MBAST7BE8. 

In  the  absence  of  knowledge  as  to  the  life  cycle  of  the  parasiteS;  no 
prophylaxis  or  treatment  specially  adapted  to  the  case  can  be  formu- 
lated.    The  following  general  prophylactic  measures  are  suggested: 

1.  Hogs  suffering  from  loss  of  appetite  or  failing  to  fatten  under 
proper  food  and  hygiene  should  be  examined  for  evidence  of  infection 
by  killing  one  or  two  and  looking  in  the  stomach  for  worms;  or,  where 
practicable,  the  feces  of  the  entire  herd  may  be  examined  micro- 
scopically. 

2.  Those  swine  found  infested  with  stomach  worms  should  be 
isolated  from  noninfested  or  presumably  noninfested  swine  in  clean 
pens,  and  the  dimg  removed  daily  and  mixed  with  quicklime  or 
disposed  of  by  carting  it  to  places  to  which  hogs  do  not  have  access. 

3.  The  noninfested  swine  should  not  be  allowed  to  remain  in  the 
same  pens  formerly  occupied  by  the  infested  animals,  but  should  have 
clean  quarters.  The  old  pens  should  be  thoroughly  disinfected  with 
lime  after  removing  the  dung  and  burning  over  the  ground  where 
feasible. 

MEDICINAL  TBEATKENT. 

Youatt  (1847c),  referring  to  Spiroptera  strongylina,  recommends 
turpentine  and  salt  with  the  food  for  treating  these  worms.  Coal-tar 
creosote,  gasoline,  and  copper  sulphate  have  been  found  more  or  less 
efficacious  in  treating  stomach  worms  {Haemonehus  contortas)  in  sheep, 
and  similar  treatment  might  be  tried  on  pigs  (see  Bureau  of  Animal 
Industry  Circular  102).  Santonin  and  calomel,  3  grains  each  per 
hundred  pounds  of  body  weight,  given  after  a  fast  of  12  to  16  hours, 
is  another  remedy  which  deserves  trial. 

Whatever  drug  is  used  should  first  be  given  in  small  quantities  and 
tried  on  a  few  of  the  most  heavily  infested  swine,  the  size  of  the  dose 
being  increased  as  occasion  demands. 
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KEY  TO  THE  ROUNDWORMS  PARASITIC  IN  DOMESTIC  SWINE. 

The  arrangement  of  the  following  key  to  the  roundworms  which 
have  been  reported  by  various  authors  as  parasites  of  hogs  is  purely 
artificial  and  arbitrary  and  indicates  nothing  as  to  the  systematic 
relationship  of  the  different  forms.  A  classified  list  of  the  roimd- 
worms  of  swine  is  given  later  on  page  41. 

Section. 
Parasitic  in  alimentary  tract 1 

Parasitic  in  respiratory  tract — t 16 

Parasitic  in  other  organs 17 

1.  Diameter  of  body  at  middle  over  3  mm 2 

Diameter  of  body  at  middle  leas  than  3  mm 3 

2.  Anterior  extremity  .furnished  with  a  protractile  proboscis  covered  with  spines. 

Male  6  to  10  cm.  long,  3  to  5  mm.  in  diameter.  Female  20  to  35  cm.  long, 
4  to  9  mm.  in  diameter.  Eggs,  87  to  100  ft  long,  subcylindrical,  smooth, 
with  3  envelopes.    In  small  intestine,  usually  attached  to  the  mucous 

membrane GigantorhyncJiiuhirudtnaceus, 

Anterior  extremity  without  protractile  pro]K)8cis.  Mouth  with  3  prominent 
lipe.  Male  15  to  17  cm.  long,  3  to  3.2  mm.  thick.  Female  20  to  25  cm. 
long,  5  to  5.5  mm.  thick.  Eggs  oval,  66  fi  long,  thick-shelled,  surface  cov- 
ered with  mammillate  projections.  In  small  intestine,  sometimes  in  biliary 
tract  and  pancreas Ascariit  8uum. 

3.  Less  than  5  mm.  in  length 4 

Over  5  mm.  in  length 5 

4.  Vulva  anterior  of  middle  of  body.    Ovoviviimrous.     Females  3  to  4  mm. 

long,  60  /i  in  diameter.  Males  1.4  to  1.6  mm.  long,  40  pi  in  diameter,  with 
a  short  finger-like  pn)ce8B  on  each  side  of  the  anal  opening.  Adults  in 
small  intestine,  larvse  encysted  in  skeletal  muscles Tnchinella  spiraUs, 

Vulva  posterior  of  middle  of  Ix^dy.  Females  (parthenogenetic;  parasitic 
males  lacking)  3.75  mm.  long,  80  fi  in  diameter.    Eggs  45  fi  long  by  25  ft 

broad,  with  thin  shells.     In  small  intestine Slrongyloides  suisA 

6.  Head  covered  with  spines;  separated  from  the  body  by  a  deep  constriction. 
Male  15  to  25  mm.  long.  Female  22  to  31  mm.  long.  Eggs  70  pt  long  by  39 
fi  wide.    In  stomach Onathastoma  hupidum. 

Head  without  spiny  armature 6 

6.  Posterior  end  of  body  of  female  with  relatively  large  rosette-like  excrescence 

containing  the  hypertrophied  uterus.    Male  12  mm.  long.    Female  15  mm. 

long.     In  stomach     Simoncbna  pcaradoza.* 

Posterior  end  of  Ixidy  of  female  without  uterine  rosette 7 

7.  Anterior  portion  of  body  slender,  like  a  whiplash,  about  twice  as  long  as  the 

thicker  posterior  portion.  Male  with  single  spicule.  Male  33  to  40  mm. 
long.  Female  34  to  50  mm.  long.  Eggs  52  to  56  /£  long,  ellipsoidal,  with 
an  opening  at  each  pole  closed  by  a  plug-like  operculum,  and  brownish  in 

color.     In  cecum Trichuri^  guts. 

Body  continuous,  not  flagelliform  anteriofly .    Male  with  two  spicules /  8 

1  While  Strongyloides  papiUostu  (»  Trichosoma  papiUo«um  Wedl.)a  parasite  of  sheep  has  frequently  been 
reported  for  the  pig,  this  is  probably  the  result  of  confusion  with  Strongyloida  9v.ii.  The  StrongyMdea  of 
the  pig  is  somewhat  larger  than  the  fom  found  in  sheep. 

>  Included  by  the  present  writer  among  the  Filariidae  on  account  of  the  inequality  of  the  spicules.  Its 
position  in  this  family  is  not,  however,  defin  tely  established.   Bee  footnote  on  page  9,  second  paragnpb. 
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Section. 

8.  Male  witli  two  equal  or  subequal  spicules;  tail  with  membranous  bursa  sup- 

ported by  paired  rays  and  eggs  with  thin  shells 9 

Male  with  two  spicules  of  very  unequal  length;  tail  with  lateral  longitudinal 
bursal  membranes  supported  by  stalked  pappill».  Eggs  with  thin  or  thick 
shells 12 

9.  Mouth enlaiged  to  forma  buccal  capsule 10 

Mouth  small;  buccal  capsule  not  present.    Male  5  mm.  long.    Female  8  to  8.5 

nmi.  long.  Spicules  130  ft  long.  Vulva  about  2  mm.  from  the  tip  of  the 
tail.    Eggs,  45  fi  long  by  36  n  wide.     In  stomach '^Strongylus  "  nibidus.^ 

10.  Buccal  capsule  broader  than  long,  mouth  bordered  by  a  crown  of  numerous, 

small,  pointed  processes.    Male  8  to  12  mm.  lon^*.    Female  12  to  15  mm. 
long.    Spicules  slender,  1.13  mm.  long.    Vulva  a  short  distance  in  front  of 
anus,  protuberant.    Adults  in  large  intestine,  larvse  encysted  in  the  wall 
of  the  latge  and  small  intestines,  forming  nodules.  .CEesophagosUmvum  dentcUum. 
Buccal  capsule  spherical  or  elongated,  border  of  mouth  smooth 32 

11.  Buccal  capsule  spherical.    Male  7  mm.  long,  0.2  mm.  thick.    Female  8  mm. 

long,  0.3  mm.  thick.     Vulva  prominent.     In  small  intestine. 

Glohocephalus  longemueronatus. 
Buccal  capsule  elongated,  oval.    Male  4.4  mm.  long,  0.38  mm.  thick.    Female 
6.5  mm.  long,  0,52  mm.  thick.    Spicules  590  /*  long.    Vulva  sunken.     In 
small  intestine Croisisonia  wrosuhulatum. 

12.  Anterior  end  of  body  supplied  with  numerous  cuticular  tubercles  or  shields. .     13 
Anterior  end  of  body  without  cuticular  tubercles 14 

13.  Male  30  to  50  mm.  long  by  about  250  ft  thick.    Female  80  to  145  mm.  long, 

300  to  350  fi  thick.  Left  spicule  16  to  17  mm.  long;  right  spicule  140  to  180  ft 
long.  Vulva  4  to  5  mm.  from  tip  of  the  tail.  Eggs  55  to  60  /£  long  by  32  to 
36  ft  wide.    In  the  mucosa  of  the  esophagus  and  pharynx. 

Oongylonema  scutatum? 
Male  14  to  50  mm.  long,  175  to  195  ft  thick.    Female  37  to  40  mm.  long  (?  or 
longer),  350  ft  thick.    Left  spicule  4  to  5  mm.  long,  right  spicule  84  to  110 
ft  long.    Vulva  about  2  mm.  from  the  tip  of  the  tail.    Eggs  52  to  56  /i  long 
by  32  ft  wide.    In  the  mucosa  of  the  esophagus  and  pharynx. 

Gongylonema  pulchrum, 

14.  Body  furnished  anteriorly  with  six  longitudinal  lateral  wings,  three  on  each 

side,  the  middle  wing  of  each  three  wider  than  the  other  two.  Ridges  of 
pharynx  forming  a  simple  spiral,  breaking  up  into  separate  wings.  Male 
6  to  9  mm.  long.  Female  13  to  19  nun.  long.  Spicules  2. 1  to  2.25  mm .  long, 
and  300  to  350  ft  long,  respectively.  Vulva  anterior  of  the  middle  of  the 
body.    Eggs  34  ft  long  by  15  ft  wide,  with  rather  thick  shells.     In  stomach. 

Physocephalus  sexalatu*. 
Anterior  portion  of  body  with  a  single  longitudinal  wing.     Ridges  of  pharynx 
forming  a  continuous  multiple  spiral 15 

1  ** StrongjfUu*'  nMdus  does  not  belong  in  the  genus  Strongyhu.  Its  proper  position  Is  in  the  family 
Trichostrongylinse.    As  yet,  however,  no  genus  has  been  established  to  which  it  may  be  assigned. 

s  Reported  by  Eonil  ( 1877a)  and  Plana  ( 1896b).  According  to  Neumann  ( 1894d) ,  however,  the  measure- 
ments given  by  KorxU  indicate  that  the  species  studied  by  him  is  QangyUmema  pulchrum,  Molin  1857. 
The  measurenuBnts  given  by  Plana  ( 1896b)  are,  males  60  to  80  mm.  long  by  130  /t  broad ;  females  80  to  145  mm, 
king,  600^1  broad.  Except  that  O.  pulchrum  is  smaller  than  O.  mmtatum,  there  is  but  little  morphological 
diflerenoe  between  the  two  spedea.  The  species  are  considered  identical  by  RaiUiet  (18Q3a),  although  this 
view  is  not  accepted  by  Neomann  (1894d)  and  others.    O.  scuUUum  is  normally  a  parasite  of  ruminants. 
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Sectloii. 
15.  Male  10  to  15  mm.  long.    Female  16  to  22  mm.  long.    Long  spicule  2.24  to 
2.95  mm.  in  length,  5  to  6  times  as  long  as  tlie  short  spicule.    Vulva  some- 
what anterior  of  the  middle  of  the  body.    Eggs  M  to  39  /i  long  by  20  /i  wide, 

with  rather  thick  shells.    In  stomach Arduenna  Mtron^lina. 

Male  25  to  35  mm.  long,  700  to  800 /i  broad.    Female  40  to  55  mm.  long,  1.1  to 
1.2  mm.  broad.    Long  spicule  3.75  to  4.23  mm.  long.    Short  spicule  540  to 
650  ft  long.    Vulva  three-eighths  of  the  distance  from  the  anterior  end. 

Arduenna  derUata, 
16.'  Spicules  about  4  mm.  long,  each  terminated  by  a  single  hook.  Vagina  about 
2  mm.  long.  Male  between  12  and  25  mm.  in  length.  Female  between  20 
and  50  mm.  in  lengtlib  Vulva  near  anus.  Eggs  between  57  and  100  /i  in 
length  and  39  and  73;c  in  width.  In  trachea  and  bronchi. .  Metastrongylus  apri. 
Spicules  1.5  mm.  long,  each  terminated  by  a  double  hook.  Vagina  about 
500  fi  long.  Male  between  12  and  25  mm.  in  length.  Female  between 
20  and  50  mm.  in  length.  Vulva  near  anus.  Eggs  between  57  and  100  /i 
in  length  and  39  and  72  /i  in  width.    In  trachea  and  bronchi. 

MeUutrongyluB  hrevivaginahu, 

VJ?  Encysted  in  skeletal  muscles,  microscopic  in  size.    Cysts  slightly  elongated, 

ovoid,  long  axis  parallel  to  the  muscle  fibers,  about  400  ft  long  by  250  pt  broad. 

Trickinella  spiralis  (larvse). 
Free  in  peritoneal  cavity,  in  kidneys,  in  ureters,  in  the  bladder,  or  encysted 
in  fat  of  kidneys  or  loins 18 

18.  Male  under  40  mm.  long 19 

Male  over  12.  cm.  long 20 

19.  Male  25  to  37  mm.  long.    Female  37  to  40  mm.  long.    Two  spicules,  equal  or 

subequal,  about  0.8  mm.  long.  Vulva  less  than  2  mm.  from  the  tip  of  the 
tail.  Eggs  100  fi  long  by  56  ;<  wide,  with  thin'shells.  In  kidneys,  ureters, 
and  encysted  in  fat  of  kidneys  and  loins SUphanurus  dentatus. 

20.  Male  14  to  40  cm.  long,  4  to  6  mm.  in  diameter.    Female  20  cm.  to  1  m.  long, 

5  to  12  mm.  in  diameter.  Spicule  single,  5  to  6  mm.  long.  Vulva  near  the 
anterior  end  of  the  body.  Eggs  64  to  68  ft  long  by  40  to  44  /t  wide,  thick- 
shelled,  with  pitted  surface.    In  kidneys,  ureters,  peritoneal  cavity,  or 

bladder Dioctophyme  viscerdUs^ 

Male  10  to  11  cm.  Greatest  diameter,  650  /i.  Tail  twisted  in  a  loose  spiral 
with  a  pointed  end ;  8  pairs  of  papillse,  4  preanal  and  4  postanal.  Spicules 
unequal,  the  longer  215  ft  long,  25  ft  broad,  with  a  membraneous  extension 
70  ft  long.  Short  spicule  140  ft  long,  52  ft  broad .  Female  20  to  21  cm.  long. 
Vulva  600  ft  from  the  anterior  extremity.  Anus  300  ft  from  the  posterior 
extremity.  Eggs  ovoid,  45  by  26  ft  when  fully  developed.  Viviparous. 
Parasitic  in  the  peritoneal  cavity Setaria  bemardi. 

1  Railliet  and  Henry,  1911,  describe  a  new  species,  jPUaHa&auc^,foundintlie"Iungs"ofahog8iaa^tered 
at  Hu6,  Indo-ChJna.  The  location  of  the  parasite  is  not  definitely  known.  The  female  alone  was  foond. 
It  is  reported  as  22\  cm.  long,  with  a  maximum  diameter  of  635  /i.  The  body  is  transversely  striated,  the 
strlaB  being  5  to  6  /i  apart.  Mouth  unarmed ,  funnel-shaped ,  the  cuticle  thickened  at  the  anterior  end.  Anus 
155  /t  from  the  posterior  extremity;  vulva  1.1  mm.  lh)m  the  mouth. 

*  Oigantorhynehtu  Mrudinaeeut,  although  normally  located  in  the  intestine,  sometimes  i)erfonktes  the 
intestinal  wall,  in  which  case  it  may  be  found  in  the  peritoneal  cavity.  (See  No.  2  of  this  key,  first  parar 
graph.) 

Aicarit  tuum  may  be  found  aberrant  In  various  locations  outside  the  digestive  tract.  Diagnostic  char- 
acters for  the  identification  of  this  species  have  already  been  given.  (See  No.  2  of  this  key,  seoHid 
paragraph.) 

*  Included  by  Von  Linstow  (1878a)  among  the  parasites  of  the  domestic  hog,  but  its  occurrence  in  this 
host  is  questionable. 
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CLASSIFIED   LIST   OF    BOUNDWOBMS    PABASITIC  IN  DOMESTIC 

SWINE. 

Specific  descriptions  are  omitted  from  the  following  list  as  these 
have  already  been^  given  in  the  key  to  the  roundworms  of  swine. 
Arranged  according  to  their  respecive  orders,  famiUes,  and  genera, 
the  roundworms  reported  as  parasitic  in  domestic  swine  are  as  follows: 

Class  Nemathelminthes:  Cylindrical  worms  without  a  prebuccal  ciliary  apparatus 

provided  with  a  variable  nervous  system,  not  forming  a  ventral 
chain.    Generally  dioecious. 
Order  Nematoda.    Nemathelminthes:  Provided  with  a  complete  digestive  tube. 
Family  Angiostomidse.    Nematoda:  Having  two  heterogenetic  generations, 
one  of  free-living  males  and  females  aad  one  of  hermaphroditic 
or  parthenQgenetic  forms  which  are  parasitic. 
Genus  Strongyloides.     Angiostomidse:  Parasitic  form  with  mouth 
opening  directly  into  the  relatively  very  long  subcylindrical 
esophagus.    Vulva  posterior  of  the  middle  of  the  body.    Uterus 
double.    Two  ovaries.    Free-living  form  with  mouth  opening  into 
a  vestibule  or  pharynx,  followed  by  an  esophagus  whose  anterior 
portion  is  fusiform  and  posterior  portion  globular. 

Strongyloides  suis. 
Family  Gnathostomidse.    Nematoda:  Body  furnished  throughout  its  length, 
or  only  anteriorly,  with  chitinous  blades  or  wings,  serrated  posteri- 
orly.   Head  subglobular,  covered  with  simple  spines. 
Genus  Gnathostoma:  W^ith  the  characteristics  of  the  family. 

Gnathostoma  hispidum. 

Family  Trichinellidee.    Nematoda:  Esophagus  consisting  of  a  chain  of  single 

cells,  the  lumen  of  the  esophagus  passing  through  the  center  of 

each  cell.     Anterior  portion  of  body  containing  the  esophagus 

usually  very  slender;  posterior  portion  containing  the  intestine 

and  reproductive  oigans  more  or  leas  swollen.    One  testicle,  one 

ovary. 

Subfamily  Trichinellinee.   Trichinellidse :  Male  without  spicule .    Female 

ovo viviparous.    Adults  in  intestine  of  host  produce  larvae  which 

penetrate  into  the  muscles,  become  encysted,  and  develop  to 

maturity  when  the  flesh  of  this  animal  is  eaten  by  another  animal. 

Genus  Trichinella.    Trichinellinse :  Very  small  worms  with  capillary 

bodies.    Progressively  increasing  in  diameter  posteriorly.    Male 

with  two  conical  posterior  appendages  forming  a  copulatory  bursa. 

Vulva  of  the  female  in  the  anterior  fifth  part  of  the  body. 

Trichinella  spiralis. 

Subfamily  Trichurin^.     Trichinellidse:  Male  with  spicule.     Female 

'deposits  eggs  characterized  by  the  presence  of  an  opening  at  each 

pole  closed  by  a  pluglike  operculum.    Eggs  do  not  hatch  until 

swallowed  by  a  suitable  host.    Development,  so  far  as  is  known, 

direct,  without  an  intermediate  host. 

Genus  Trichuris.    Trichurinse:  Anterior  portion  of  body  very  long 

and  slender.    Posterior  portion  of  body  containing  the  intestine 

and  reproductive  organs  relatively  thick  and  much  shorter  than 

the  anterior  portion.    Posterior  portion  of  male  rolled  dorsally 

into  a  spiral.     Spicule  surrounded  by  a  prepuce-like  sheath. 

Posterior  portion  of  body  of  female  slightly  curved.    Vulva  near 

the  beginning  of  the  posterior  portion  of  body IHchtaris  suis. 
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Family  Filariid».  Nematoda:  Body  long,  filiform.  Mouth  surrounded  with 
papilke,  or  provided  with  two  lipe.  Eaophagus  slender,  without 
posterior  bulb.  Males  with  two  unequal  spicules  (sometimes  with 
a  single  spicule).  Females  with  two  ovaries.  Vulva  usually- 
anterior  of  the  middle  of  the  body.  Development  often  requires 
an  intennediate  host. 

Genus  Filaria.  FUariidee :  Body  long  and  slender,  of  nearly  uniform 
diameter  throughout;  males  considerably  smaller  than  the  females, 
with  the  tail  hooked  or  curved  in  a  spiral,  sometimes  furnished 
with  lateral  wings.  Usually  there  are  four  preanal  and  a  variable 
number  of  postanal  papilhe.  Spicules  usually  very  different  in 
shape  and  dimensions.    Vulva  inore  or  less  near  the  mouth. 

Filaria  bauchei.  ^ 

Genus  Setaria.  Filariidse:  Head  armed  with  a  projecting  peribuccal 
circle,  deeply  notched  laterally,  somewhat  lees  indented  dorso-ven- 
trally,  giving  the  impression  of  two  teeth  when  seen  laterally  and 
of  four  teeth  when  seen  at  an  angle.  Tail  of  both  sexes  provided 
with  two  special  appendices Setaria  bemardi. 

Genus  Gongylonema.  Filariidfie:  Body  filiform,  slightly  attenuated 
at  either  end.  Anterior  portion  of  body  covered  with  nimieroufl 
tubercles  or  shields  formed  by  differentiation  of  the  cuticle.  In 
the  median  lines  immediately  behind  the  mouth,  two  semilunar 
depressions,  one  dorsal,  the  other  ventral.  Tail  of  male  curved 
ventrally,  supplied  with  two  asymmetrical  membranous  wings. 
Vulva  a  short  distance  anterior  of  the  anus.  .Gongylonema  scutatum. ' 

Gongylonema  ptdchrum. 
Subfamily  ArduenniuBe.  Filariidse:*  Mouth  with  two  lateral  lips  leading 
into  a  pharynx  marked  with  cuticular  ridges  in  the  form  of  spirals 
or  rings.  Spicules  imequal,  the  longer  several  times  the  length  of 
the  shorter.  Four  pairs  of  preanal  papillse.  Eggs  containing 
embryos  at  the  moment  of  oviposition. 

Genus  Arduenna.  Arduenninse:  Mouth  leading  into  a  cylindrical 
pharynx  marked  by  ridges,  forming  a  continuous  multiple  spiral. 
Esophagus  continuous,  nearly  one-third  of  the  length  of  the  body. 
Spicules  very  long  and  very  unequal.  Tail  twisted  in  a  single 
coil.    BureA  asynunetrical,  supported  by  five  pairs  of  papillae. 

Arduenna  strongylina. 
Arduenna  dentata. 

Genus  Physocephalus.  Arduenninse:  Body  furnished  anteriorly 
with  six  lateral  wings  arranged  in  a  group  of  three  wings  each,  on 
either  side .  The  middle  wing  of  each  group  is  the  widest .  Pharynx 
cylindrical,  relatively  broad  and  long,  marked  with  a  simple  spiral 
ridge  on  the  inside,  breaking  up  into  separate  rings  and  resuming 
the  spiral  at  the  posterior  end ^ . .  PhyBocephalus  9exalatu8, 

Genus  Simondsia.^  Filariidse:  Female  characterized  by  a  t^^men- 
tary  excrescence  in  the  form  of  a  rosette  situated  in  the  posterior 
part  of  the  body  and  inclosing  a  prolongation  of  the  intestine  and 
a  hypertrophied  uterus Svirumdgia  paradoxa. 

1  This  species,  described  by  Railliet  and  Henry  (1911),  is  proyisionally  included  in  the  genus  Filaria, 
seruu  lato.  As  only  one  female  was  received,  the  material  was  insufficient  for  a  more  accurate  generic 
diagnosis. 

*  See  footnote  2,  p.  39. 
s  See  footnote,  p.  9. 

*  Railliet  and  Henry  (1911b)  include  Simondsia  in  the  subfamily  Arduennlnie,  although  Plana  (1897e) 
describes  the  lips  as  dorao-ventral  rather  than  lateral.  In  the  stnicture  of  the  esopliagua,  the  number 
of  preanal  papulae,  and  the  inequality  of  the  spicules  Simondsia  oonf(»ins  to  the  description  of  the  sub* 
tEunily  Arduenninas. 
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Family  StiungylidsB.  Nematoda:  Head  with  eix  more  or  less  distinct  circu- 
moral  papillae.  Males  with  a  more  or  lees  well-developed  bursa, 
each  lateral  lob^  of  which  is  usually  supplied  with  six  supporting 
rays.  Spicules  equal  or  subequal.  Vulva  may  be  anterior  to  the 
middle  of  the  body,  but  is  usually  posterior.  Oviparous.  De- 
velopment, so  far  as  known,  direct  without  intermediate  host. 
Subfamily  Strongylinfie.  Strongylidse:  Buccal  capsule  well  developed. 
Eggs  in  the  process  of  segmentation  at  the  moment  of  oviposi- 
tion.  Embryo  nearly  always  rhabditiform  and  development  di- 
rect. Parasitic  in  the  alimentary  canal;  exceptionally  in  the  res- 
piratory system.  ; 

Genus  (Esophagostomum.  Strongylinee:  Head  75  /i  or  more  in  diam- 
eter; buccal  capsule  small.  Cuticle  surrounding  the  mouth  usually 
inflated  to  form  a  ringlike  mouth  collar.  Bursa  of  male  with  two 
lateral  lobes  united  by  a  smaller  median  lobe.  Spicules  more  than 
0.5  mm.  long,  slender,  tubular,  pointed ;  gubemaculum  present,  but 
not  conspicuous (EgopJtagostomum  dentaium. 

Genus  Globocephalus.  Strongylinse:  Buccal  capsule  cylindrical, 
larger  in  diameter  than  the  thickness  of  the  body,  supported  by 
two  chitinous  rings — one  at  the  anterior  end  of  the  capsule,  the 
other  at  the  posterior  end.  The  rings  are  joined  by  four  chiti- 
nous longitudinal  bands GlobocephaliLS  longemturonatus. 

Genus  Crassisoma.  Strongylinae:  Buccal  capsule  oval,  smaller  in 
diameter  than  the  thickness*  of  the  body,  supported  by  eight  longi- 
tudinal thickenings  of  the  cuticle,  and  a  chitinous  ring  on  the 

inside  of  the  capsule CranisoTna  urotubulatum. 

Subfamily  Trichostrongylinse.  Strongylidee:  Buccal  capsule  absent  or 
slightly  developed.  Eggs  generally  segmenting  at  the  time  of 
oviposition.  Embryo  rhabditiform  and  development  direct. 
Parasitic  in  the  alimentary  canal. 

Genus.    Undetermined  * Strongyhis  rubidus. 

Subfamily  Metastrongylinse.  Strongylidee:  Buccal  capsule  absent  or 
slightly  developed.  Eggs  in  various  stages  when  oviposited. 
Embryo  rhabditiform.  Evolution  unknown,  perhaps  requiring  an 
intermediate  host.  Parasites  of  the  respiratory  or  circulatory 
system.  , 

Genus  Metastrongylus.    Metastrongylinae:  Mouth   with    six   lips. 

Postero-lateral  ray  much  reduced   or  absent.    Dorsal  ray  and 

extemo-dorsal  rays  slender,  the  others  thick.    Two  very  long 

spicules.    Vulva  close  to  the  anus.    Eggs  with  well-developed 

embryos.    Parasitic  in  the  bronchi  and  trachea. 

Metastrongylus  apri. 

Metastrongylus  brevivaginatvs. 
Subfamily  not  determined. 

Genus  Stephanurus.    Strongylidse:  Anterior  extremity  truncated; 

mouth  suborbicular,  limited  by  a  chitinous  ring  furnished  with 

teeth.    Caudal  bursa  of  male  with  many  lobes. 

Stephanurus  dentatus. 

1  See  footnote  1  on  p.  39. 
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Family  not  determined.^ 

GenuB  Dioctophyme.  Nematoda:  Body  cylindrical,  mouth  without 
lip0,  BuiTounded  by  papillae.  Male  fumished  with  a  filiform 
spicule.  Femlile  with  a  single  ovary.  Vulva  in  the  anterior  -pgurt 
of  the  body Dietophyme  vitceralis. 

Family  Ascaridie.  Nematoda:  One  lip  median,  dorsal;  two  submediaiiy 
ventral.  Relatively  thick  forms.  Males  provided  with  two 
spicules.  Females  with  double  ovary. 
Genus  Ascaris.  Ascaride:  Furnished  with  three  strong  lips,  the 
lateral  sides  of  which  are  generally  toothed.  Males  with  two  equal 
or  subequal  spicules  and  numerous  papilke  anterior  and  posterior 
of  the  anus.  Vulva  located  anterior  of  the  middle  of  the  body. 
Eggs  globular  or  ellipsoidal,  usually  surrounded  by  an  albu- 
minous envelope.    In  process  of  segmentation  at  the  time  of  ovi- 

position Agcctris  tuum. 

Order  Acanthocephala.    Nemathelminthes  without  mouth  or  digestive  tube. 

Furnished  with  a  protractile  proboscis  armed  with  hooks. 

Family  Gigantorhynchidse.    Acanthocephala:  Body  laige  and  annulated; 
tseniaform.    Hooks  of  the  proboscis  with  two  roots  and  covered 
with  a  transparent  layer  of  chitin.    Lemnisci  lengthened  into  the 
form  of  rounded  bags  and  having  a  central  canal. 
Genus  Gigantorhynchus;  with  the  characteristics  of  the  family. 

GigarUorhynchus  hinidinacetis. 

- 

1  Dioetopkjfvu  vi9eerali§  although  oommonly  Included  in  the  tarnHj  Strongylids  does  not  oonfonn  to  all 
the  characteristics  of  this  ftunily.  It  more  closely  resembles  the  FUariidie  as  pointed  out  by  RaUlet  and 
Hsory  (1900a).   Probably  It  should  be  placed  in  a  tunily  by  Itself  bat  the  question  is  open  to  further  study. 
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Sm:  I  have  the  honor  to  transmit  herewith,  and  to  recommend 
for  publication  in  the  buUetin  series  of  this  bureau,  a  manuscript 
entitled  "Feeding  Beef  Cattle  in  Alabama,"  by  Messrs.  Dan  T.  Gray, 
professor  of  animal  industry  in  the  Alabama  Polytechnic  Institute, 
and  W.  F.  Ward,  junior  animal  husbandman  in  the  Animal  Hus- 
bandry Division  of  this  bureau. 

This  bulletin  presents  further  results  of  the  investigations  in  beef 
production  which  have  been  carried  on  during  the  past  seven  years 
by  the  bureau  in  cooperation  with  the  Alabama  Experiment  Station, 
former  pubUcations  being  Bulletins  103,  131,  and  147.  The  work 
is  being  continued  and  other  problems  relative  to  the  feeding  of  beef 
cattle  in  the  South  are  being  studied. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 

Hon.  James  Wilson, 
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INTRODUCTORY  NOTE. 


Among  the  facts  of  importance  demonstrated  in  this  bulletin  are 
(1)  the  outstanding  value  of  a  ration  of  cottonseed  meal  and  cotton- 
seed hulls  as  a  standard  beef-making  ration  in  Alabama  when  fed 
in  winter;  (2)  the  small  necessity  for  shelter  for  beef  cattle  in  Alabama; 
and  (3)  the  great  importance  of  the  use  of  pasture  for  cattle  when 
fed  a  summer  ration  of  cottonseed  cake.  The  authors  have  opened 
up  an  additional  field  for  the  use  of  pasture  by  their  investigations 
of  the  relative  value  of  short  and  long  period  feeding  on  smnmer 
pasture. 

In  this  connection  I  take  the  opportunity  again  to  point  out  the 
importance  of  these  investigations  not  only  to  Alabama  and  other 
parts  of  the  South  but  to  the  entire  country  as  well.  This  work  is 
laying  the  foundation  for  rational  and  profitable  beef  production 
under  southern  conditions  and  will  grow  in  influence  with  the  advance 
of  the  boll  weevil  and  the  eradication  of  the  Texas-fever  cattle  tick. 
In  this  respect  it  will  be  worth  far  more  to  the  South  than  the  entire 
amount  of  the  appropriation  which  makes  it  possible. 

The  importance  of  the  work  to  the  country  at  large  lies  in  the 
fact  that  every  square  mile  freed  from  ticks  opens  up  just  that  much 
more  territory  to  beef  production  and  tends  to  offset  the  restriction 
of  the  western  range  by  settlement,  which  in  turn  has  already  greatly 
restricted  the  western  cattle  output.  With  the  extermination  of 
the  ticks  wiU  come  a  demand  for  information  on  how  to  feed  beef 
cattle  profitably,  and  that  demand,  I  believe,  can  be  met  very  largely 
by  the  results  of  these  investigations.  Prof.  Gray  and  his  assistants 
are  demonstrating  that  cattle  can  be  fed  in  Alabama  at  a  cost  far 
below  that  common  in  the  com  belt,  and  this  often  with  inferior, 
underbred,  or  even  scrub  cattle.  If  such  results  can  be  obtained 
with  cattle  which  are  seldom  more  than  half  or  three-quarters  pure; 
what  may  we  not  in  reason  expect  with  the  improvement  in  breed- 
ing which  will  surely  follow  the  eradication  of  the  tick  ? 

The  United  States  faces  a  beef-cattle  shortage.  The  cattle  ranges 
of  the  West  are  every  year  being  diminished  in  area  by  settlement. 
In  the  South,  east  of  the  Mississippi  River,  are  enormous  areas  of 
practically  idle  land,  suitable  for  pasture,  where  beef  cattle  can  and 
should  be  raised  and  fattened.  Is  it  too  much  to  predict  that  in 
this*  section  of  our  country  will  come  the  next  great  expansion  of 
the  beef-producing  business  in  America? 

George  M.  Rommel, 
Chief  of  Animal  Husbandry  Diinsion. 
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FEEDING  BEEF  CAHLE  IN  ALABAMA. 


L  WINTER  FATTENING  OF  STEERS  ON  COTTONSEED 
MEAL,  COTTONSEED  HULLS,  CORN  SILAGE,  AND 
JOHNSON-GRASS  HAT. 


INTRODUCTION. 

Cottonseed  meal  and  cottonseed  hulls,  the  two  feeds  which  in 
the  past  have  been  used  almost  exclusively  during  the  winter  months 
for  fattening'cattle  in  the  South,  have  advanced  in  price  very  mate- 
rially during  the  last  three  or  four  years.  This  advancement  in 
price  has  forced  the  southern  farmers  to  seek  feeds  with  which  to 
supplement  the  cottonseed  meal  and  hulls.  In  the  experiment  here 
reported,  silage  and  Johnson-grass  hay  were  used  as  supplementary 
feeds  to  the  hulls.  Cottonseed  meal  was  the  only  concentrated  feed 
employed. 

Since  the  inauguration  of  the  cooperative  beef  work  by  the  Bureau 
of  Animal  Industry  and  the  Alabama  Experiment  Station  some 
resiilts  have  been  published  relative  to  winter  fattening  of  steers,^ 
but  silage  and  Johnson-grass  hay  were  not  introduced  into  any  of 
the  former  rations.  It  should  be  understood  that  this  bulletin  is 
only  a  report  of  the  progress  of  the  cooperative  beef  work,  as  the 
experiments  are  being  continued. 

OBJECT  OP  THE  EXPERIMENT. 

This  experiment  was  planned  with  the  following  objects  in  view: 

1.  To  determine  the  profit,  if  any,  in  fattening  a  good  grade  of 
cattle  in  the  winter  time  on  high-priced  feeds. 

2.  To  compare  a  ration  of  cottonseed  meal  and  hulls  alone  with  a 
second  ration  of  cottonseed  meal,  hulls,  and  silage,  and  with  a  third 
ration  of  cottonseed  meal,  hulls,  and  Johnson-grass  hay. 

The  steers  were  divided  into  three  lots  of  20  in  each,  and  were 
given  the  following  feeds : 

Lot  1. — Cottonseed  meal,  cottonseed  hulls,  com  silage. 

Lot  2, — Cottonseed  meal,  cottonseed  hulls,  Johnson-grass  hay. 

Lot  3. — Cottonseed  meal,  cottonseed  hulls. 

1  See  Bureau  of  Animal  Industry  Bulletin  103. 
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THE  CATTLE. 

The  cattle  were  better  than  the  average  cattle  of  the  South. 
They  were  all  purchased  in  Sumter  and  neighboring  counties  during 
the  fall  of  1909,  and  were  the  best  of  a  herd  of  about  300  head  of 
improved  cattle.  None  of  them  was  purebred,  but  all  had  been 
graded  up  by  the  use  of  Hereford,  Aberdeen-Angus,  and  Shorthorn 
sires.  They  varied  from  2  to  3  years  in  age.  The  average  weight 
of  each  animal  at  the  beginning  of  the  test  was  approximately  830 
pounds,  so  they  were  larger  than  the  average  southern  cattle.  The 
increased  size  was  due  to  the  improved  beef  blood. 

As  these  cattle  were  better  than  the  average  cattle  of  the  State, 
they  cost  more  in  the  fall  than  is  usually  paid  for  Alabama  cattle. 
They  were  valued  at  S{  cents  a  pound  when  the  test  began,  Decem- 
ber 1,  1909. 

METHOD  OF  CONDUCTING  THE  WORK. 

The  cattle  were  fed  under  average  farm  conditions.  Mr.  F.  I. 
Derby,  a  farmer  and  stockman  of  Sumter  County,  Ala.,  agreed  to 
cooperate  with  the  Bureau  of  Animal  Industry  and  the  Alabama 
Experiment  Station  in  this  work,  and  the  feeding  was  all  done  upon 
his  farm.  Mr.  Derby  furnished  the  cattle  and  the  feed,  and  the  work 
was  planned  and  the  feeding  carried  on  under  the  supervision  of  the 
authors  of  this  bulletin.  Mr.  J.  W.  Ridgway  was  stationed  upon  the 
farm  and  had  personal  supervision  of  the  experiment. 

No  artificial  shelter  was  provided  for  the  cattle  and  as  no  trees  were 
in  the  feed  lots,  they  did  not  even  have  the  protection  which  trees 
afford.  They  were  fed  in  the  open  fields,  as  no  shelter  is  needed  in 
Alabama  for  mature  fattening  cattle.  As  Mr.  Derby's  main  object 
in  feeding  cattle  is  to  enrich  his  farm,  the  cattle  were  fed  on  areas 
which  were  to  be  subsequently  planted  in  either  cotton  or  com.  The 
cattle  were  fed  upon  fields  consisting  of  about  10  acres  of  land  to  each 
lot  of  20  cattle.  While  no  accx)unt  was  kept  of  the  amount  of  manure 
made,  still  it  is  known  from  subsequent  work  that  the  60  head  of 
cattle  made  at  least  1  ton  of  manure  each  day,  or  84  tons  for  the 
whole  feeding  period  of  84  days.  The  manure,  of  course,  added  very 
much  to  the  fertility  of  the  land  upon  which  it  was  dropped. 

Many  of  the  clay  soils  of  the  State  would  be  ruined  by  tramping 
if  the  cattle  were  permitted  to  stay  on  them  during  the  wet  winter 
weather.  The  soil  of  Mr.  Derby's  farm  is  a  light,  sandy  one,  so  the 
tramping  of  the  cattle  did  not  injure  it  materially.  However,  since 
this  work  was  done,  Mr.  Derby  has  come  to  the  conclusion  that  the 
winter  tramping  injures  even  a  sandy  soil,  so  hereafter  he  intends  to 
feed  in  sheds  and  bams  and  haul  the  manure  to  the  fields. 
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The  steers  were  fed  twice  each  day  in  open  troughs  located  in  the 
fields.  The  troughs  were  made  so  that  they  could  be  moved  from 
place  to  place,  thus  insuring  an  even  distribution  of  manure  and 
avoiding  too  much  packing  of  the  soil  in  one  place.  The  steers  were 
fed  in  such  amounts  that  the  feed  was  all  eaten  within  a  few  hours 
after  it  was  put  before  them.  Many  feeders  keep  feed  in  the  troughs 
constantly,  but  more  satisfactory  results  are  secured  when  the  steers 
are  required  to  clean  the  troughs  after  each  meal.  An  abundance  of 
pure  water  and  salt  was  provided  all  the  time. 

At  the  close  of  the  test  the  cattle  were  shipped  to  the  Louisville 
market  for  sale.  The  experimental  farm  was  located  four  miles  from 
Whitfield,  Ala.,  the  nearest  railroad  station,  and  the  cattle  were 
driven  to  that  point  to  be  loaded  on  the  cars. 

PRICE  AND  CHARACTER  OF  FEEDS. 

In  work  of  this  character  the  financial  statement  is  not  as  satisfac- 
tory as  could  be  wished,  because  the  prices  of  feed  as  well  as  of  cattle 
fluctuate  considerably  from  year  to  year.  Therefore  the  financial 
outcome  of  a  particular  experiment  may  not  be  duplicated  by  the 
cattle  feeder  owing  to  the  different  conditions  under  which  he  is 
operating.  The  prices  listed  in  this  bulletin  were  the  actual  prices 
paid  for  the  feeds  (except  what  was  raised  on  the  farm)  and  the  actual 
prices  realized  for  the  cattle.  This  test  was  conducted  during  the 
winter  of  1909-10 ;  prices  have  not  changed  materially  since  that  date. 
The  following  were  the  prices  of  the  feeds,  that  produced  on  the  farm 
being  estimated  at  local  rates: 

Per  ton. 

Cottonseed  meal $26. 00 

Cottonseed  hulls. 7.  00 

Johnson-grads  hay 11.  00 

Silage  (produced  on  farm) 2.  50 

All  of  the  above  feeds  were  of  good  quality.  The  Johnson-grass 
hay  had  been  cut  at  the  proper  stage  and  was  of  excellent  quality. 
The  cattle  ate  it  with  considerable  relish.  The  silage,  after  the  first 
few  days,  was  also  of  good  quality  as  far  as  brightness  and  taste  were 
concerned.  The  com  from  which  the  silage  was  made  did  not  have 
a  heavy  development  of  ear  as  the  stand  was  thick  and  the  planting 
was  not  made  until  June.  Probably  30  bushels  of  com  to  the  acre 
would  have  been  secured  if  it  had  been  gathered.  The  cottonseed 
meal  was  fresh,  bright,  and  of  a^high  grade. 

PRELIMINARY  FEEDING. 

Some  of  the  steers  were  bought  as  early  as  November  1, 1909.  Mr. 
Derby  was  getting  his  cattle  together  for  winter  feeding,  so  the 
experimental  steers  were  placed  in  the  feed  lots  with  the  general  herd 
of  feeding  cattle  until  conditions  were  ready  for  the  experiment  to 
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begin.  On  November  6  the  cattle  were  all  started  on  a  small  amount 
of  cottonseed  meal  and  hulls.  This  amount  was  gradually  increased 
and  they  were  receiving  a  full  ration  of  the  meal  and  hulls  by 
November  15.  This  full  feeding  of  cottonseed  meal  and  hulls  was 
continued  until  the  experimental  work  began.  On  December  1  the 
60  steers  to  be  used  in  the  experimental  work  were  selected  from  the 
general  herd  of  probably  300  steers;  they  were  divided  into  threelots 
of  20  steers  each,  tagged,  weighed,  and  placed  in  their  respective 
fields,  and  the  experiment  proper  was  begun.  The  period  previous 
to  December  1  was  considered  a  preliminary  period.  This  period  was 
introduced  so  that  the  cattle  would  have  an  opportunity  to  become 
accustomed  to  the  surroundings  and  the  feeds  before  the  inaugura- 
tion of  the  test. 

DAILY  RATIONS. 

Many  farmers  injure  their  cattle  and  get  them  *'off  feed'*  by 
increasing  too  rapidly  the  cottonseed-meal  part  of  the  ration.  These 
cattle  had  been  in  a  preliminary  feeding  period  for  24  days  before  the 
real  test  began,  yet  each  steer  was  fed  only  4  pounds  of  cottonseed 
meal  daily  at  the  inauguration  of  the  experiment,  December  1.  Of 
course  the  amount  was  increased  from  time  to  time  as  the  cattle 
would  take  it  without  scouring,  but  at  no  time  did  the  steers  receive 
more  than  8  pounds  of  cottonseed  meal  daily.  Many  farmers  would 
have  had  these  steers  on  a  daily  ration  of  10  pounds  of  cottonseed 
meal  within  10  days  after  the  feeding  began.  Scours,  dizziness,  still- 
ness, and  occasional  cases  of  blindness  are  almost  sure  to  follow  a 
heavy  feeding  of  cottonseed  meal.  In  the  event  of  such  troubles 
occurring  the  feeder  is  often  compelled  to  sell  under  unfavorable 
circumstances,  as  the  steers  can  not  be  held  profitably.  When  they 
are  marketed  under  such  circumstances,  the  buyer  is  almost  sure  to 
discriminate  against  them  because  of  their  poor  condition,  and  they 
consequently  sell  at  a  disadvantage  when  oiTered  to  the  packer  or 
butcher. 

The  following  table  outline^,  by  periods  of  28  days  each,  the 
amount  of  feed  given  each  steer  daily: 

Table  1. — Average  daily  ration  for  each  steers  by  28-day  periods. 


Lotl. 

Lot  2. 

Lot  3. 

Period 

Cotton- 
seed  meal. 

Cotton- 
aoed  hulls. 

Com 

fldlflge. 

Cotton- 
seed meal. 

Cotton- 
seed hullSL 

Johnson- 

KTSBB 

nay. 

Cotton- 
seed meal. 

Cotton- 
seed huUs. 

First  28  days 

Second  28  cm  vs.. 
Third  28  days... 

Pounds. 
4.64 
6.00 
7.73 

Pounds. 

14.  S8 

15.  27 
24.  71) 

Pounds. 

22.  fi? 
19.  49 
(') 

Pounds. 
4.64 
6.00 
7.73 

Pounds. 
13.58 
15.11 
14.21 

Pounds. 
9.43 

8.87 
7  03 

Pounds. 
4.64 
6.00 
7.73 

Pounds. 
26.53 
29.43 
23.96 

*■  No  silago  fed  during  this  period. 


WINTEB  FATTENING  OP  STEEKS.  13 

During  the  first  28  days  each  steer  received  an  average  of  only  4.64 
pounds  of  cottonseed  meal  each  day.  The  cattle  feeder  would  not, 
as  a  rule,  expect  to  secure  good  gains  when  the  daily  allowance  of 
cottonseed  meal  was  only  4.64  pounds,  but  the  data  show  that  these 
animals  made  excellent  gains  during  the  first  28  days.  During  the 
first  period  each  steer  in  lot  1  (the  silage-fed  lot)  received  14.88 
pounds  of  cottonseed  hulls  and  22.57  pounds  of  corn  silage  each  day 
along  with  the  4.64  pounds  of  cottonseed  meal.  The  cottonseed  meal 
was  sprinkled  over  the  hulls  and  silage  and  thoroughly  mixed  by 
hand.  During  the  first  period  of  28  days  each  steer  in  lot  3  (the  lot 
to  which  nothing  was  fed  except  cottonseed  meal  and  hulls)  ate  26.53 
pounds  of  cottonseed  hulls  along  with  the  4.64  pounds  of  meal.  At 
the  end  of  the  test,  when  the  cottonseed  meal  was  increased  to  7.73 
pounds  daily  for  each  steer,  as  many  pounds  of  hulls  were  not  con- 
sumed as  at  the  beginning,  so  the  daily  allowance  was  cut  down  to 
23.96  pounds  for  each  steer.  In  lot  2  (the  lot  in  which  Johnson-grass 
hay  was  used  to  supplement  the  cottonseed  meal  and  hulls)  each 
steer,  during  the  first  period,  ate  13.58  pounds  of  hulls  and  9.43 
pounds  of  the  hay  each  day  along  with  the  4.64  pounds  of  cottonseed 
meal.  They  were  given  as  much  hay  each  day  as  they  would  clean  up. 
The  hay  was  fed  in  racks,  and  none  of  it  was  trampled  under  foot  and 
wasted. 

During  the  second  period  of  28  days  each  steer  ate  an  average  of  6 
pounds  of  cottonseed  meal  each  day.  With  the  exception  of  a  small 
increase  the  roughage  part  of  each  ration  was  maintained  practically 
as  it  was  in  the  first  period.  Each  steer  in  lot  3  ate  practically  30 
poimds  of  cottonseed  hulls  each  day.  The  average  cattle  of  the 
South,  which  are  not  as  large  as  the  ones  used  in  this  test,  will  not 
consume  30  pounds  of  hulls  per  steer  per  day.  In  some  former  beef- 
feeding  work  done  by  this  Bureau  and  the  Alabama  Experiment 
Station*  steers  which  averaged  816  pounds  in  weight  at  the  close  of 
the  test  ate  only  19.9  pounds  of  cottonseed  hulls  daily. 

Unfortunately  for  the  test  and  the  cattle,  the  supply  of  silage 
lasted  only  56  days,  so  no  silage  was  fed  the  steers  in  lot  1  during  the 
last  period  of  28  days.  Cottonseed  hulls  replaced  the  silage.  During 
the  last  period  each  steer  ate  7.73  pounds  of  cottonseed  meal  daily. 
They  would  have  eaten  a  larger  amount  if  it  had  been  placed  before 
them.  The  roughage  part  of  the  ration  was  decreased  as  the  amount 
of  cottonseed  meal  was  increased.  The  steers  themselves  regulated  the 
amount  of  roughage,  as  they  were  given  only  as  much  as  they  would 
clean  up  at  each  meal. 

The  above  table  should  be  closely  studied  by  the  cattle  feeder. 
There  is  no  doubt  that  the  average  southern  farmer  feeds  too  much 

'  1  See  Bureaa  of  Animal  Industry  Bulletin  103. 
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cottonseed  meal  to  his  fattening  cattle.  When  the  allowance  of  meal 
is  kept  down  to  a  reasonable  amount,  the  cattle  will  feel  better  and 
make  gains  more  economically  than  when  9  to  10  pounds  are  fed  to 
each  steer  daily.  At  the  same  time  the  owner  will  not  be  forced  to 
sell  at  unfavorable  times  because  of  scours  and  sickness. 

DAILY  AND  TOTAL  GAINS. 

The  gains  as  given  here  are  not  fictitious  in  any  sense.  No  ''fill'' 
is  included,  as  the  cattle  had  been  on  feed  for  24  days  before  the  test 
began.  The  gains  would  have  been  considerably  larger  if  the  "fill" 
had  been  included. 

Table  2. — Average  weights  and  gains, 

[Dec.  1, 1909,  to  Feb.  23, 1910,  84  days.] 


Lot. 

Number 
of  steers. 

Ration. 

Average 

InitiS 
weight  of 
each  steer. 

Average 

final 
weight  of 
each  steer. 

Average 

total  gain 

of  each 

steer. 

Average 

daily  gain 

of  each 

steer. 

1 
2 

20 
20 

20 

Cottonseed  meal,  cottonseed  halls,  corn  silage. . 
Cottonseed  meal,  cottonseed  hulls,  J<dinson- 
grass  hay 

Pounds. 
811 

820 
851 

Pounds. 
962 

949 
995 

Pounds. 
151 

129 
144 

Pounds. 
1.80 

1.54 

z 

Cottonseed  meal,  cottonseed  hulls 

1.71 

RESULTS  FOR  FIRST  56  DAYS-WHILE  SILAGE  WAS  FED. 


1 
2 


20 
20 

20 


Cottonseed  meal,  cottonseed  hulls,  com  silage . 
Cottonseed  meal,  cottonseed  hulls,  Johnson 

grass  hay 

Cottonseed  meal,  cottonseed  hulls 


All  of  the  cattle  made  satisfactory  but  not  unusual  gains.  In  the 
first  part  of  Table  2  it  is  seen  that  the  silage-fed  steers  (lot  1)  made 
the  largest  gains,  making  an  average  daily  gain  of  1.8  pounds  per 
steer  for  the  whole  period  of  84  days.  In  the  lower  part  of  Table  2 
are  found  the  results  of  the  first  56  days  of  the  test,  or  the  period 
when  com  silage  was  fed  to  the  cattle  in  lot  1.  When  the  second  part 
of  the  table  is  studied,  it  is  seen  that  the  cattle  which  ate  silage  did 
not  make  as  large  daily  gains  as  did  those  which  were  fed  nothing  but 
cottonseed  meal  and  hulls.  During  the  first  56  days  each  steer  in 
lot  1  (the  silage  lot)  made  an  average  daily  gain  of  1.86  pounds,  while 
during  the  same  period  each  steer  in  lot  3  (cottonseed  meal  and  hulls 
only)  gained  1.89  pounds  each  day.  However,  the  reader  should  not 
come  to  the  conclusion  that  the  daily  gains  measure  the  success  of  a 
feeding  operation  altogether.  It  is,  of  course,  necessary  for  good 
gains  to  be  secured,  but  the  final  profits  are  not  determined  entirely 
by  the  daily  gains.  Other  factors,  such  as  the  price  of  the  feeds  and 
the  selling  price  of  the  cattle,  must  be  taken  into  consideration. 
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The  cattle  which  were  fed  a  partial  ration  of  Johnson-grass  hay 
made  the  least  satisfactory  gains,  making  a  daily  gain  per  steer  of 
only  1.54  pounds  during  the  whole  period  of  84  days.  As  far  as  gains 
were  concerned,  the  Johnson-grass  hay  proved  to  be  unsatisfactory,  as 
cottonseed  meal  and  hulls  produced  greater  gains  when  fed  alone 
than  when  the  two  were  combined  with  Johnson-grass  hay.  The 
hay  was  of  good  quality  and  the  cattle  ate  it  with  considerable  relish. 
Oftentimes  Johnson  grass  is  cut  at  such  a  late  stage  of  maturity  that 
it  is  stiff,  woody,  and  unpalatable,  but  the  hay  used  in  this  test  was  cut 
and  harvested  at  the  proper  stage. 

The  supply  of  silage  was  exhausted  at  the  end  of  56  days,  so  this 
lot  of  cattle  (lot  1)  was  continued  to  the  end  of  the  test  on  cottonseed 
meal  and  hulls,  the  hull  part  of  the  ration  being  increased  sufficiently 
to  take  the  place  of  the  silage.  After  the  feeding  of  silage  was 
discontinued  the  cattle  still  continued  to  make  good  gains,  as  each 
steer  made  a  gain  of  47  pounds  during  the  last  28  days  of  the  test. 
During  this  same  period  each  steer  which  was  eating  Johnson-grass 
hay  Got  2)  made  a  gain  of  49  pounds,  while  each  steer  in  lot  3  gained 
only  38  pounds.  As  a  matter  of  fact,  it  was  expected  that  but 
small  gains  would  be  secured  after  the  discontinuance  of  the  silage, 
but  the  change  was  made  gradually  and  the  steers  did  not  seem  to 
notice  the  substitution  of  huUs  for  the  silage.  Cottonseed  meal  and 
hulls  make  an  extremely  palatable  combination  of  feeds;  in  fact, 
it  is  difficult  to  find  a  combination  of  feeds  more  palatable  than  a 
mixture  of  these  two  southern  feeds. 

At  the  end  of  the  experiment  the  steers  in  lots  1,  2,  and  3  averaged 
962,  949,  and  995  pounds,  respectively,  in  weight;  they  made  average 
total  gains  per  steer  of  151,  129,  and  144  pounds  in  the  respective 
lots. 

QUAHTITY  AND  COST  OP  FEED  REQUIRED  TO  MAKE  loo  POUNDS 

GAIN. 

In  work  of  this  character  the  real  value  of  a  feed,  or  a  combination 
of  feeds,  is  measured  by  the  number  of  pounds  of  feed  required  to 
make  100  pounds  of  gain  in  live  weight.  With  this  information  the 
fanner  can  apply  the  knowledge  to  his  own  conditions  and  quickly 
determine  what  it  would  cost  to  make  100  pounds  of  gain  on  his  own 
farm.  The  table  following  shows  the  quantity  of  feed  required 
to  make  100  pounds  of  increase  in  Uve  weight  and  the  cost  of  the 
gains  under  the  conditions  of  this  test.  The  price  placed  upon  the 
feeds  was  their  actual  cost  laid  down  on  the  farm.  The  silage,  of 
course,  was  made  on  the  farm,  and  on  it  was  placed  an  estimated 
value  of  $2.50  a  ton. 
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Table  3. — Quantity  and  co$t  o/feed  required  to  make  100  pounds  of  gain. 

[Dec  1,  ig09,  to  Feb.  23, 1910,  84  days.] ' 


LoL 


Ration. 


8 


Cottonseed  meal. . 
Cottonseed  hulls. . 

Comsila^ , 

Cottonseed  meal . . , 

Cottonseed  hulls. . , 

Johnson-fH^ass  hay . 

'Cottonseed  meal. . 

\Cottonseed  huUs. . 


Feed  to 

make  100 

pounds 

of  gain. 


Coat  of  feed 
to  make 

lOOjpounda 
oigain. 


Pommdi. 
341 

1,020 
781 
399  i 
931 
fiSO 
367 

l,fiM 


$8.98 

U.47 
10.06 


RetuUsfor  firtt  56  dayt—^kile  Mlage  was  fed. 


1 

2 
8 


Cottonseed  meal . . . 

Cottonseed  hulls. . . 

Com  silage 

Cottonseed  meal. . . 

Cottonseed  hulls. . . 

Johnson-grass  hay . 
rCottonseed  meal . . , 
ICottonseed  hulls. . . 


87.96 

11.88 
8.80 


When  feeds  are  valued  as  previously  stated  it  is  seen  that  the 
silage-fed  steers  Got  1)  made  the  cheapest  gains  in  both  cases.  When 
the  whole  period  of  84  days  is  taken  into  consideration  each  100 
pounds  of  increase  in  live  weight  cost  $8.98  when  the  silage  was 
used,  $11.47  when  Johnson-grass  hay  supplemented  the  cottonseed 
meal  and  hulls  Got  2),  and  $10.08  when  nothing  was  fed  except 
cottonseed  meal  and  hulls  Got  3).  Johnson-grass  hay  proved  to  be 
the  most  expensive  and  unsatisfactory  feed  used.  During  the  first 
56  days,  when  silage  was  being  fed,  each  100  pounds  of  gain  in 
lot  1  cost  $7.98;  the  same  gain  cost  $11.88  in  lot  2  where  Johnson- 
grass  hay  was  used  in  place  of  silage,  and  $8.80  in  lot  3  where  cotton- 
seed meal  and  hulls  were  fed  alone.  As  far  as  economical  gains  were 
concerned  the  silage  proved  to  be  a  valuable  addition  to  the  cotton- 
seed meal  and  hulls,  but  money  was  lost  when  Johnson-grass  hay 
replaced  part  of  the  cottonseed  hulls,  each  100  pounds  of  increase  in 
weight  costing  just  $3.08  more  when  the  hay  was  fed  than  when 
cottonseed  meal  and  hulls  were  fed  alone. 

By  studying  the  second  part  of  Table  3,  it  is  seen  Got  1)  that  287 
pounds  of  cottonseed  meal,  812  pounds  of  hulls,  and  1,132  poimds  of 
silage  produced  100  pounds  of  increase  in  weight.  When  the  meal 
and  hulls  were  fed  alone  Got  3)  it  is  further  seen  that  280  pounds  of 
meal  plus  1,475  pounds  of  hulls  produced  the  same  number  of  pounds 
of  increase  in  weight;  therefore  1,132  pounds  of  silage  saved  663 
pounds  of  hulls,  but  at  the  same  time  caused  the  loss  of  7  pounds  of 
cottonseed  meal;  or,  1  ton  of  the  silage  actually  saved  $3.94  worth 
of  hulls  and  cottonseed  meal  when  hulls  and  meal  were  valued  at 
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$7  and  $26  a  ton,  respectively.  Com  silage  in  tliis  test  was  therefore 
worth  $3.94  a  ton.  In  the  same  way  it  is  found  that  641  pounds  of 
Johnson-grass  hay.  took  the  place  of  471  pounds  of  hulls,  but  caused 
the  loss  of  92  pounds  of  cottonseed  meal;  or,  1  ton  of  hay  proved  to 
have  a  feeding  value  of  only  $1.31  when  the  meal  and  the  hulls  were 
valued  as  above.  Johnson-grass  hay  in  this  test  was  therefore  worth 
$1.31  a  ton,  whereas  it  cost  $11  a  ton.  Ton  for  ton,  silage  was  just 
three  times  as  valuable  as  Johnson-grass  hay  when  they  were  both 
used  along  with  cottonseed  meal  and  huUs  for  fattening  cattle. 
Johnson-grass  hay  proved  to  be  a  poor  feed  for  fattening  purposes, 
while  silage  had  an  exceedingly  hi^  value  when  used  for  the  same 
purpose.  The  cattle  feeder  can  not,  therefore,  a£Pord  to  use  Johnson- 
grass  hay  along  with  cottonseed  meal  and  hulls  for  fattening  pur- 
poses, and  this  experiment  tends  to  show  that  the  majority  of  southern 
feeders  can  not  use  a  more  economical  feed  than  sil^e  for  this  purpose. 

ADVANTAGES  OP  USING  PURCHASED  FEEDS. 

The  majority  of  our  southern  farmers  object  to  buying  cottonseed 
meal,  hulls,  and  other  feeds  for  beef  cattle  on  the  ground  that  the 
original  prices  of  the  feeds  can  not  be  realized  after  being  fed  to  cattle. 
At  the  same  time  thousands  of  these  same  farmers  buy  cottonseed 
meal  and  use  it  as  a  commercial  fertilizer,  when  experience  and  experi- 
ments all  teach  that  the  first  use  of  the  meal  should  be  as  a  feed  for 
some  kind  of  live  stock  and  the  second  use  as  a  fertilizer  in  the  form 
of  barnyard  manure.  When  the  cottonseed  meal  is  fed  to  live  stock 
it  is  used  twice,  once  as  a  feed  and  again  as  a  fertilizer.  Many  of 
our  best  farmers  feed  cattle  for  no  other  reason  than  to  obtain  the 
barnyard  manure,  and  are  satisfied  if  they  come  out  even  on  the 
cattle;  the  manure  is  well  worth  the  expense  of  feeding. 

In  these  experiments  the  cottonseed  meal  cost  $26  a  ton  and  the 
huUs  $7  a  ton,  and  we  are  satisfied  that  in  every  case  these  feeds 
realized,  as  a  result  of  feeding  to  the  cattle,  much  more  than  they 
cost;  that  is,  an  actual  profit  was  made  on  each  ton  of  the  feeds  and  at 
the  same  time  the  manure  was  left  on  the  farm.  The  meal  and  hulls, 
therefore,  were  no  expense  at  all  to  the  soil  or  to  the  succeeding  crops. 

VALUE  OP  BARNYARD  MANURE. 

The  farmer  who  has  lands  which  should  be  built  up  should  feel 
that  he  has  fed  cattle  at  a  profit  when  manure  is  obtained  free  above 
all  other  expenses,  as  this  manure  has  an  exceedingly  high  fertilizing 
value.  Beef  cattle  should  be  more  generally  introduced  because 
of  the  good  they  do  in  building  up  and  maintaining  soils.  Under 
the  present  system  of  cotton  farming  the  soils  are  becoming  poorer 
and  poorer.    With  the  introduction  of  cattle  the  soil  will  begin  to  be 
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built  up.  Director  Thome,  of  the  Ohio  Agricultural  Experiment 
Station,  has  been  making  tests  with  barnyard  manure  for  several 
years,  appljring  the  manure  upon  a  plot  of  ground  upon  which  was 
running  a  three  years'  rotation  of  com,  wheat,  and  clover.  Eight 
tons  of  manure  an  acre  were  appUed.  The  average  yearly  increase 
an  acre,  following  the  one  application,  was  as  follows: 

Com,  14.7  buflhelSi  at  70  centa  a  bushel $10.  29 

Com  stover,  744  pounds,  at  |6  a  ton 2.  23 

Wheat,  8.36  bushels,  at  $1  a  bushel 8. 36 

Wheat  straw,  897  pounds,  at  $4  a  ton 1.  79 

Clover  hay,  686  pounds,  at  |12  a  ton 4. 12 

Total  value  of  8  tons  of  manure 26.  79 

Total  value  of  1  ton  of  manure 3.  35 

He  further  states  (Bulletin  183,  Ohio  Experiment  Station)  that  the 
value  of  farm  manure  can  be  materially  increased  by  balancing  the 
manure  with  the  addition  of  a  carrier  of  phosphorus.  The  farm 
manures  are  too  high  in  nitrogen  as  compared  with  the  other  elements. 
By  balancing  stable  manure,  the  value  of  8  tons  was  increased 
$12.20  after  deducting  the  cost  of  the  material  used  for  the  balancing 
of  the  manure.  This  is  $1.53  a  ton,  and  when  added  to  the  $3.35 
above,  brings  the  total  possible  value  of  each  ton  of  manure  up  to 
$4.88.  During  a  feeding  period  of  100  days  each  steer  will  produce 
at  least  1^  tons  of  manure.  This  profit  should  be  added  to  the 
feeding  or  direct  profits. 

The  Arkansas  Station  (Bulletin  68)  made  a  test  to  determine  the 
value  to  each  succeeding  crop  of  growing  peas  in  the  corn,  gathering 
the  com,  and  then  grazing  both  the  peas  and  the  stalks  by  the  steers. 
The  steers  were  fed  some  cottonseed  in  addition  to  the  grazing.  As 
the  result  of  this  crop  of  peas  and  the  grazing,  the  succeeding  cotton 
crop  was  increased  626.5  pounds  of  seed  cotton  over  the  area  where 
com  alone  had  been  grown.  A  third  lot  was  planted  to  com,  and  the 
increase  in  com,  due  to  the  pea  crop  and  the  grazing,  was  14  bushels 
an  acre. 

FINANCIAL  STATEMENT. 

It  must  be  remembered  that  the  financial  statements  in  this  bulletin 
are  based  on  the  local  conditions  where  the  feeding  was  carried  on. 
Should  the  conditions  elsewhere  be  different,  the  results  will  also  differ. 
The  price  of  the  cattle  when  put  into  the  feed  lot  is  one  very  variable 
factor.  The  feeders  in  this  particular  experiment  cost  3}  cents  a 
pound.  In  another  part  of  the  State  they  might  have  cost  more 
than  they  did  in  Sumter  County,  and  in  still  a  third  part  they  might 
have  cost  considerably  less.  The  financial  statement  will  not  be 
misleading  if  the  reader  bears  in  mind  that  it  does  not  apply  to  all 
conditions. 
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The  cattle,  as  previously  noted,  were  bought  m  Sumter  and  neigh- 
boring counties  for  3}  cents  a  pound  during  the  fall  of  1909.  They 
were  fed  on  cottonseed  meal  and  cottonseed  hulls  for  24  days  before 
the  test  began.  The  test  continued  for  84  days,  when  the  cattle 
were  ready  for  sale  and  were  shipped  to  the  Louisville  (Ky.)  market, 
where  all  of  the  steers  sold  for  $5.75  a  hundredweight.  It  cost  65 
cents  a  hundredweight  to  ship  them  to  the  market,  so  they  are 
estimated  in  the  financial  statement  at  $5.10  a  hundredweight.  The 
$6.10  represents  the  price  actually  received  on  the  farm. 

Lot  1.  Cottonseed  meal,  cottonseed  hulls,  com  silage: 

By  sale  of  20  steeis,  18,658  pounds,  at  $5.10  x>er  hundredweight $951.  6C 

To  20  steers,  16,220  pounds,  at  SJ  cente  a  pound $527. 15 

To  10, 290  pounds  cottonseed  meal,  at  $26  a  ton 133.  77 

To  30,768  pounds  cottonseed  hulls,  at  $7  a  ton 107.  69 

To  23,554  pounds  com  silage,  at  $2.50  a  ton 29. 44 

Total  expense 798. 05 

Total  profit 153.61 

Profit  per  steer 7. 68 

Lot  2.  Cottonseed  meal,  cottonseed  hulls,  Johnson-grass  hay: 

By  sale  of  20  steers,  18,411  pounds,  at  $5.10  per  hundredweight 938. 96 

To  20  steers,  16,400  pounds,  at  3}  cents  a  pound $533. 00 

To  10,290  pounds  cottonseed  meal,  at  $26  a  ton 133.  77 

To  24 ,026  pounds  cottonseed  hulls,  at  $7  a  ton 84. 09 

To  14,185  pounds  Johnson-giass  hay,  at  $11  a  ton 78. 02 

Total  expense 828. 88 

■I   '■  ■      « 

Total  profit 110.08 

Profit  per  steer 5. 50 

Lot  3.  Cottonseed  meal,  cottonseed  hulls: 

By  sale  of  20  steers,  19,303  poimds,  at  $5.10  per  hundredweight 984. 45 

To  20  steers,  17,020  pounds,  at  3}  cents  a  pound $552. 15 

To  10,290  pounds  cottonseed  meal,  at$26a  ton 133.77 

To  44,755  pounds  cottonseed  hulls,  at  $7  a  ton 159. 09 

Totil  expense 845. 01 

Total  profit 139.44 

Plx)fit  per  steer 6. 97 

The  foregoing  financial  statement  shows  that  all  of  the  lots  of 
steers  were  fed  at  a  profit.  The  outcome  was  satisfactory.  The 
greatest  profit  was  made  in  lot  1,  where  silage  was  used.  The  smallest 
profit  was  made  in  lot  2,  where  the  Johnson-grass  hay  was  fed.  The 
cattle  in  lots  1  and  3  sold  at  the  same  price  and  made  practically 
the  same  total  gains  in  Uve  weighty  but  those  in  lot  1  had  the  advaa- 
tage  in  that  they  had  a  cheap  feed — silage — ^added  to  the  basal  ration 
of  cottonseed  meal  and  hulls.  Each  steer  in  lot  1  made  a  clear 
profit  of  $7.68;  while  each  one  in  lot  3  made  a  profit  of  only  $6.97. 
The  steers  which  received  Johnson-grass  hay  along  with  the  cotton- 
seed meal  and  hulls  (lot  2)  made  a  profit  of  only  $5.50  each. 
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SLAUGHTER  DATA. 

Table  5  shows  the  total  weight  of  each  lot  of  cattle  alter  allowing 
3  per  cent  for  shrinkage^  the  live  weight  at  the  Louisville  market,  the 
number  of  pounds  each  steer  lost  in  shipment,  the  dressed  weight  at 
Louisville,  and  the  per  cent  of  dressed  weight  to  live  weight.  The 
steers  were  driven  4  miles  to  a  railroad,  and,  on  account  of  delays, 
were  in  the  cars  48  hours. 


Table  5. 

—Skipping 

weights  and  slaughter  record  \ 

Lot. 

Number 

of 
steers. 

Total 

weight 

on  farm. 

Total 
weight  at 
Louisville. 

Average 
shrinkage 
per  steer. 

Total 

dressed 

weif ht  at 

Louuville. 

Average 
percent 
dressed 
oat  by  farm 
weights. 

Average  per 

centdreased 

out  by 

market 

weights. 

1 
2 
3 

Pounda. 
20  •             19,235 
20  1             18.980 
20  1             19,900 

Pounda. 
17,685 
17,615 
18,325 

Pounda. 

77.5 
68.3 

78.8 

Pounda. 
9,926 
9,736 
10.164 

5L6 
61.3 
51.1 

56.1 
55.3 
55.5 

The  shrinkage  on  the  road  was  rather  great,  but  it  should  be 
remembered  that  there  was  a  delay  of  several  hours  in  shipment. 
Those  cattle  which  were  fed  Johnson-grass  hay  Qot  2)  lost  the  fewest 
pounds  in  weight.  Each  steer  lost  77.6,  68.3,  and  78.8  pounds  in 
lots  1,  2,  and  3,  respectively;  or,  the  silage-fed  steers  flot  1)  lost  in 
transit  8.1  per  cent  of  their  weight,  those  in  lot  2  (Johnson-grass  lot) 
lost  7.1  per  cent,  while  those  in  lot  3  (cottonseed  meal  and  hulls) 
shrunk  7.9  per  cent. 

The  steers  in  lot  1  (the  silage-fed  cattle)  dressed  out  higher  than  the 
steers  in  lots  2  and  3,  dressing  56.1  per  cent  by  the  market  weights. 
The  steers  in  lots  2  and  3  dressed,  respectively,  55.3  per  cent  and  55.5 
per  cent. 

SUMMARY. 

Table  6. — Summary  of  results. 


Item. 


Average  weight  of  steers  at  beginning,  Dec.  1, 1909 

Average  weight  of  steers  at  close.  Feb.  23, 1910 

Average  total  gain  of  each  steer  for  whole  period  of  84  days 

Average  daily  gain  of  each  steer  for  whole  period  of  84  days 

Average  daily  gain  of  each  steer  for  first  56  days  while  silage  was  fed. 

Average  cottonseed  meal  fed  daily  per  steer 

Average  cottonseed  hulls  fed  daily  per  steer 

Average  silage  fed  dnily  per  steer 

Average  Johnson-grass  hay  fed  daily  per  steer 

Cottonseed  meal  to  make  100  pounds  gain  for  whole  period  of  84  days. 
Cottonseed  meal  to  make  100  pounds  gain  for  first  d6  days 


Lotl.— 
Feed:  Cot- 
tonseed 
meal,  cot- 
tonseed 
hulls,  com 
silage. 


Pounda. 
811 
962 
151 
1.8 
1.86 
6.1 
15.1 
21 


Rooghage  to  make  100  pounds  gain  for  whole  period  of  84  days. 
Roui 


ouehageto 


make  100  pounds  gain  for  first  56  days  while  silage  was 


Cost  to  make  100  iKmnds  gain  for  whole  x>er(od  of  84  days . 

Cost  to  make  100  pounds  gain  for  first  56  days 

Cost  of  steers  per  nundredwelght  in  fall 

Selling  price  of  steers  in  Louisville 

Selling  price  of  steers  on  farm 

Profit  per  steer 


Lot2.— 
Feed:  Cot- 
tonseed 
meal,  cot- 
tonseed 
hulls,  John- 
son-grass 
hay. 


Pounda, 
820 

129 
1.54 
1.43 
6.1 
14.3 


8.40 
399 
372 
>931 
«550 
U.004 
»64l 
DoUara, 
11.47 
U.88 
3.25 
5.75 
5.10 
5.50 


Lots.— 
Feed:  Cot- 
tonseed 
meal,  oot« 
tonseed 
hulls. 


Pounda, 

851 

995 

144 
1.71 
1.8» 
6.1 
26.6 


357 

280 

11,564 

M.475 

Poltert. 

10.08 
8.80 
3.25 
5.75 
5.10 
6.97 


Silage. 


s  Hulls. 


Hay. 
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1.  The  steers  which  were  used  in  tliis  test  were  from  2  to  3  years 
old.  They  had  all  been  graded  up  by  the  use  of  Aberdeen-Angus 
Hereford,  and  Shorthorn  sires. 

2.  At  the  beginning  of  the  test  they  averaged  827  pounds  in  weight. 
They  were  fed  84  days,  and  at  the  close  of  the  test  they  averaged  967 
pounds. 

3.  The  60  head  of  steers  were  divided  into  three  lots  and  fed  as 
follows: 

Lot  1:  Cottonseed  meal,  cottonseed  hulls,  com  silage.  Lot  2: 
Cottonseed  meal,  cottonseed  hulls,  Johnson-grass  hay.  Lot  3:  Cot- 
tonseed meal,  cottonseed  hulls. 

4.  For  the  whole  period  of  84  days  average  daily  gains  of  1.8, 1.54, 
and  1.71  pounds  were  secured  in  lots  1,  2,  and  3,  respectively. 

5.  During  the  first  56  days,  when  silage  was  fed  in  lot  1,  average 
daily  gains  of  1.86,  1.43,  and  1.89  pounds  were  secured  in  lots  1,  2, 
and  3,  respectively. 

6.  For  the  whole  period  of  84  days  it  cost  $8.98,  $11.47,  and  $10.08 
to  make  100  poimds  of  gain  in  lots  1,  2,  and  3,  respectively. 

7.  For  the  first  56  days,  when  silage  was  fed  in  lot  1,  it  cost,  respec- 
tively, $7.98,  $11.88,  and  $8.80  to  make  100  pounds  of  gain  in  lots  1, 
2,  and  3. 

8.  Li  the  fall  of  1909  the  steers  cost  $3.25  per  hundredweight.  At 
the  end  of  the  test  they  were  shipped  to  Louisville  and  sold  for  $5.76 
per  hundredweight. 

9.  Each  steer  in  lots  1, 2,  and  3  netted  a  clear  profit  of  $7.68,  $5.50, 
and  $6.97,  respectively. 

10.  Com  silage  proved  to  be  an  exceedingly  satisfactory  addition 
to  a  basal  ration  of  cottonseed  meal  and  hulls,  but  Johnson-grass 
hay  was  an  exceedingly  unsatisfactory  supplement  when  used  in  the 
same  way. 


n.  WINTERING  STEERS  FOLLOWED  BT  SUMMER  FATTEN- 
ING ON  PASTURE. 


INTRODUCTION. 

For  several  years  this  bureau,  cooperating  with  the  Alabama 
Experiment  Station,  has  been  studying  the  subject  of  wintering 
mature  steers  and  subsequently  fattening  them  in  the  summer  on 
pasture.  Some  of  the  work  has  been  published/  but  the  conditions 
surrounding  the  work  herein  published  were  altogether  different  from 
those  of  the  previous  work.  In  the  first  place,  these  cattle  were  of 
different  age  and  quality  from  the  ones  used  in  the  former  experi- 
mental work.  In  the  second  place,  the  grass  upon  which  these  cattle 
grazed  grew  on  a  sandy  instead  of  a  lime  soil.  In  the  previous  work 
the  cattle  were  grazed  upon  lime  soils  with  sweet  clover  (Melilotus) 
as  the  basal  pasture  crop  during  the  early  part  of  the  grazing  season. 
In  the  work  published  in  this  bulletin  no  sweet-clover  pastiu-es  were 
available,  as  sweet  clover  does  not  occur  upon  the  sandy  soils  of  this 
region. 

Two  separate  experiments  are  reported  in  this  part  of  the  bulletin, 
owing  to  the  fact  that  two  distinct  types  of  cattle  were  used.  The 
animals  were  divided  into  four  lots,  two  of  them  composed  of  high- 
grade  young  cattle  and  the  other  two  of  common  or  scrub  cattle 
fully  a  year  older.  The  work  was  done  in  cooperation  with  Mr.  F.  I* 
Derby,  of  Sumter  County,  Ala.,  he  fumisliing  the  cattle  and  the  feed 
and  the  Bureau  of  Animal  Industry  and  the  Alabama  Experiment 
Station  providing  a  trained  man  to  carry  on  the  experiment.  Mr. 
J.  W.  Ridgway  was  located  on  the  farm  and  had  personal  supervision 
of  all  of  the  experimental  work. 

OBJECT  OF  THE  WORK. 

This  work  was  outlined  with  the  following  objects  in  view: 

1.  To  study  the  problem  of  feeding  steers  during  the  winter  months 
with  a  view  to  fattening  them  on  pasture  the  following  summer. 

2.  To  determine  the  profits,  if  any,  in  supplementing  sandy-soil 
pastures  with  cottonseed  cake  during  the  summer  fattening  process. 

3.  To  study  a  common  southern  method  of  managing  and  fattening 
common  or  scrub  cattle. 

1  See  Bureau  of  Animal  Industry  Bulletin  131. 
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Steers  can  be  purchased  cheaper  durmg  the  fall  of  the  year  than  at 
any  other  time,  so  many  feeders  prefer  to  buy  in  the  fall.  Wlien  cheap 
steers  are  so  purchased,  a  common  practice  in  the  South  is  to  "rough" 
them  through  the  winter  months  as  cheaply  as  possible,  turn  them  on 
pasture  the  following  summer,  and  sell  them  to  the  butcher  at  the 
end  of  the  pasture  season. 

THE  CATTLE. 

The  cattle  were  all  bought  in  Sumter  and  neighboring  counties,  but 
those  selected  for  lots  4  and  5  were  an  excellent  grade  of  animals,  all 
having  Shorthorn  or  Aberdeen-Angus  blood,  while  those  placed  in 
lots  X  and  Y  represented  no  particular  breeding;  they  were,  in  fact, 
scrubs,  or  the  common  cattle  of  the  neighborhood.  The  steers  in 
lots  4  and  5  were  from  20  to  24  months  old  when  purchased,  in  the  fall 
of  1909,  and  had  attained  an  average  weight  of  616  pounds.  The 
steers  of  lots  X  and  Y  were  from  3  to  4  years  old  and  weighed  only 
565  pounds  each  when  the  tests  began,  December  6,  1909.  The 
cattle,  both  young  and  old,  were  dehorned  as  soon  as  they  were 
brought  to  the  farm. 

The  reader's  attention  should  be  called  to  the  fact  that  while  the 
results  secured  in  lots  4  and  5  are  comparable  with  each  other,  they 
are  not  in  any  way  comparable  with  the  results  seciffed  in  lots  X 
and  Y.  These  are  two  separate  experiments  and  are  not  comparable 
in  any  way. 

THE  PASTURES. 

The  soil  upon  which  these  steers  grazed  was  of  a  sandy  and  sandy- 
loam  character,  such  as  is  found  in  a  cut-over  pine  district.  A  large 
proportion  of  the  pastures  were  low,  so  that  in  rainy  weather  they 
became  exceedingly  wet.  There  was  some  sandy  ridge  land,  however, 
in  each  pasture. 

Carpet  grass,  lespedeza,  broom  sedge,  and  a  small  amount  of  Ber- 
muda and  Paspalum  dUataium  constituted  the  plants  that  formed  the 
pastures.  Sweet  clover  (Melilotus),  as  before  stated,  does  not  grow 
in  this  region.  They  afforded  an  abundance  of  grass  throughout  the 
grazing  season,  but  the  growth  was  rank  and  very  watery,  as  the  fre- 
quent rains  kept  the  pasture  exceedingly  wet  during  the  whole  test. 
No  expense  or  time  had  ever  been  expended  on  these  pastures  except 
to  build  a  wire  fence  around  them.  The  plants  mentioned  above  had 
come  volimtariJy  after  the  pine  woods  were  cleared  away. 

THE  WINTER  RANGE. 

The  steers  of  lots  X  and  Y,  after  being  dehorned  and  tagged,  were 
turned  out,  December  6,  1909,  in  a  tract  of  cut-over  pine  lands. 
Approximately  20;000  acres  of  land  were  in  this  tract,  but  it  was  not 
fenced,  so  the  steers  had  the  privilege  of  going  practically  anywhere 
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in  the  southern  part  of  Sumter  County.  This  land  had  grown  up 
during  the  previous  summer  with  broom  sedge,  lespedeza,  and  other 
native  grasses.  When  frost  came  the  grasses  were,  of  course,  all 
killed,  but  still  they  afforded  some  grazing  for  the  steers  during  the, 
first  part  of  the  winter.  During  the  latter  part  of  the  winter,  when 
grazing  is  usually  short;  no  little  amount  of  Augusta  vetch  came  up 
and  furnished  good  grazing  during  the  early  spring  months.  This 
plant,  more  than  anything  else,  perhaps,  kept  the  steers  from  losing 
weight  while  on  the  range,  as  it  gave  good  grazing  m  March  and  April. 
The  steers  evidently  gained  in  weight  during  these  two  months.  The 
steers  were  not  taken  o3F  this  range  until  April  23,  1910. 

The  young  steers  of  lots  4  and  5  were  not  turned  on  the  range. 

PLAN  OF  THE  FEEDING. 

In  order  to  give  a  clear  idea  of  the  nature  of  the  work,  the  general 
plan  of  the  feeding  is  outlmed  below: 

Table  7. — General  plan  of  the  feeding. 

THE  YOUNO  STEERS. 


« 

Lot. 

Number 
of  steors. 

Winter  feeding. 

Summer  tettenJng. 

4 
6 

18 
17 

(Dec.  6, 1000,  to  Mar.  31, 1010.) 

Cottonmed  meal  and  cottonseed  huUs  (one-half 
ration). 

Cottonseed  meal,  oottonaeed  haUs,  and  Johnson- 
grass  hay  (one>half  ration). 

(Apr.  2  to  Aug.  26, 1910.) 
Pasture  and  cottonseed  cake. 
Do. 

THE  COMMON  STEERS. 


X 

Y 


28 
16 


(Dec.  6, 1009,  to  Apr.  23, 1910.) 


Range  only. 
do 


(Apr.  23  to  Sept.  2, 1910.) 

Pasture  and  cottonseed  cake. 
Pasture  alone. 


The  general  plan  was  to  feed  the  steers  of  lots  4  and  5  sufficient 
feed  to  produce  small  gains  throughout  the  winter  nM>nths.  They 
were  a  good  class  of  cattle  and  young,  so  it  was  thought  that  it  wotdd 
pay  to  feed  them  liberally  during  the  winter  months.  Accordingly 
a  partial  ration  of  cottonseed  meal  and  cottonseed  hulls  was  fed  to 
the  steers  in  lot  4,  and  those  in  lot  5  had  some  Johnson-grass  hay 
added  to  the  basal  ration  of  cottonseed  meal  and  hulls.  No  effort 
was  made  to  fatten  these  young  cattle  during  the  winter;  the  object 
was  to  make  only  small  gains  and  keep  them  in  thriving  condition. 
The  fattening  was  to  occur  the  subsequent  sunmier,  when  they  were 
on  pasture. 

The  steers  of  lots  X  and  Y  were  turned  out  as  one  lot  on  the  range 
for  the  winter.  These  cattle  being  of  poor  quality,  it  was  not  thought 
profitable  to  give  them  high-priced  feeds  during  the  winter  months. 
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when  they  were  to  be  fattened  on  pasture  the  following  summer.  As 
stated  before,  the  range  consisted  of  cut-over  pine  lands;  they  had 
the  freedom  of  probably  20,000  acres  of  land. 

The  authors  realize  that  this  method  of  handling  and  feeding  cattle 
during  thQ  winter  is  one  that  will  soon  go  out  of  vogue  on  account  of 
the  fact  that  these  large  rang^  will  eventually  be  settled  and  fenced, 
but  at  the  present  time  and  under  present  conditions  many  farmers 
are  so  situated  that  they  can  profitably  make  use  of  these  lai^e  tracts. 
These  cattle  received  no  attention  at  all  throughout  the  winter  months. 
In  fact,  only  a  few  of  them  were  seen  during  the  whole  winter.  The 
following  spring,  March  21,  they  were  brought  up,  weighed  again,  and 
turned  onto  the  summer  pasture  for  the  summer  fattening  work. 
They  were  now  divided  into  two  lots  and  fed  upon  different  feeds. 
The  steers  of  lot  X  were  grazed  upon  a  pasture  and  received  a  small 
feed  of  cottonseed  cake  in  addition  to  the  pasture.  The  steera  of  lot 
Y  were  in  a  similar  pasture  and  received  nothing  in  addition. 

No  shelter  except  the  trees  was  provided  for  the  cattle  in  either  the 
winter  or  summer  time.  They  did  not  seem  to  suffer  from  the  cold 
in  the  winter  or  from  the  heat  in  the  summer.  The  summer  pastures 
were  abundantly  provided  with  good  shade  trees  and  water. 

While  there  were  cattle  ticks  ( Margarojms  annulatus)  in  the  pasture, 
yet  the  cattle  were  not  permitted  to  become  badly  infested.  A 
dipping  vat  was  used  to  keep  down  heavy  infestation.  No  cases  of 
Texas  fever  developed. 

The  weight  of  each  steer  was  secured  at  the  beginning  and  the  end 
of  each  test,  and,  with  the  exception  of  lots  X  and  Y  during  the 
winter  of  1909-10,  the  total  weight  of  each  lot  was  noted  every  28 
days.  When  the  steers  were  sold,  they  were  driven  4  miles  to  the 
shipping  point  at  Whitfield,  Ala. 

CHARACTER  AND  PRICE  OF  THE  FEEDS. 

Local  conditions  determine  to  a  largo  extent  the  farm  prices  of 
feeds.  Any  prices  that  might  be  assumed  would  not  meet  aU  condi- 
tions, but  the  following  prices  have  been  taken  as  a  basis  upon  which 
to  make  financial  estimates : 

Cottonseed  meal ........ .per  ton. .  |26. 00 

Cottonseed  cake do 26. 00 

Cottonseed  hulls do 7. 00 

Johnson-grass  hay do H.  00 

Pasture,  per  steer per  month. .        .  50 

All  of  the  feeds  were  of  good  quality."  The  cottonseed  cake,  which 
was  used  in  all  of  the  summer  feeding  work,  had  been  broken  into 
nut  size  by  the.oil  mill  and  sacked.  As  has  been  statediniL  previous 
bulletin,  this  cake  can  be  purchased  in  the  large  cake  size,  just  as  it 
comes  from  the  press,  for  about  S2  a  ton  cheaper  than  in  the  nut  size. 

54012^— Bull.  159—12 4 
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Some  feeders  find  that  it  pays  to  break  the  cake  on  their  own  farms. 
The  cake  is  the  same  thing  as  cottonseed  meal,  except  that  it  is  not 
groimd  into  a  meal.  There  are  several  advantages  in  feeding  cake 
in  place  of  cottonseed  meal,  especially  in  summer  feeding.  A  rain 
does  not  render  the  cake  unpalatable ;  but  it  will  often  put  the  meal 
in  such  a  condition  that  the  cattle  will  not  eat  it.  Again,  no  loss  is 
incurred  with  the  cake  during  windy  days,  whereas  the  meal,  when 
fed  in  the  open  pasture,  is  sometimes  wasted  on  accoimt  of  the  winds. 
Furthermore,  the  cake  requires  chewing  before  being  swallowed,  and 
therefore  must  be  eaten  very  much  more  slowly  than  the  meal,  so 
when  a  number  of  steers  are  being  fed  together  the  greedy  one  has 
little  chance  to  get  enough  cake  to  produce  scours.  In  feeding  cotton- 
seed meal  the  greedy  steer  often  scours  on  account  of  the  fact  that  he 
can  bolt  the  meal  and  get  more  than  his  share;  this  not  only  injures 
the  steer  but  makes  the  bimch  ''feed  out"  unevenly. 

THE  WINTER  FEEDING. 
DAILY  BATIONS. 

It  should  again  be  noted  that  the  cattle  were  not  being  f att^ied 
during  the  winter  months;  they  were  simply  being  carried  through  so 
as  to  be  in  condition  for  fattening  on  grass  the  following  summer. 
The  steers  of  lots  4  and  5  were  confined  on  cotton  fields  where  cotton 
had  been  grown  the  previous  summer.  Of  course  they  obtained  some 
feed  from  these  cotton  fields,  especially  during  the  first  part  of  the 
winter,  and  in  addition  were  given  a  half  ration  of  cottonseed  meal, 
hulls,  and  hay,  as  noted  below.  Lots  X  and  Y  were  on  the  open 
range,  with  no  additional  feed.  The  amount  of  feed  given  is  shown 
in  the  following  table: 


Table  8. — The  average  daily  amount  of  feed  given  each  eteer  during  the  winter  numthi. 

THE  YOUNG  STEERS. 
[Dec.  6, 1909,  to  Mar.  31, 1910, 116  days.] 


Lot. 


4 
5 


Number, 
ofsteen. 


18 
17 


Rati<ni. 


f  GottoKueed  meal. . 
\Cottonseed  hulls.. 

1  Cottonseed  meal. . 
Cottonseed  hulls. . 
Johnson-giaas  hay 


daily 
amount. 


2.88 
18.99 
2.86 
6.82 
6.60 


THE  COMMON  STEERS. 
[Dec.  6, 1909,  to  Apr.  28, 1910, 180  days.] 
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It  is  seen  that  none  of  the  steers  was  fed  more  than  a  half  ration  of 
purchased  feeds.  Each  steer  in  lot  4  received  an  average  daily  feed 
of  2.35  pounds  of  cottonseed  meal  plus  13.29  poimds  of  hulls.  Each 
steer  in  lot  5  consumed  an  average  of  2.35  pounds  of  cottonseed 
meal,  6.82  pounds  of  cottonseed  hulls,  and  5.5  pounds  of  Johnson- 
grass  hay  daily.  These  were  small  amounts  of  feed,  but,  as  will  be 
seen  later,  the  animals  made  a  fairly  good  daily  gain.  During  the 
whole  winter  each  animal  in  lot  4  ate  273  pounds  of  cottonseed  meal 
and  1,542  pounds  of  hulls  at  a  total  cost  of  S8.95.  During  the  same 
length  of  time  each  steer  in  lot  5  ate  273  pounds  of  cottonseed  meal, 
791  pounds  of  huUs,  and  638  pounds  of  hay,  at  a  cost  of  $9.83. 

The  steers  in  lots  X  and  Y  received  no  feed  at  all  in  addition  to  the 
cut-over  pine  range. 

WEIGHTS   AND   GAINS   DURING   WINTER  MONTHS. 

The  following  table  shows  that  all  of  the  cattle  gained  during 
the  winter  months,  even  the  ones  which  were  turned  out  on  the  open 
range  and  received  no  feed  or  attention  during  the  whole  winter. 
In  this  connection  it  should  be  called  to  mind  that  these  cattle  which 
were  turned  out  on  the  range  were  mature  animals.  They  were 
better  able  than  young  animals  to  care  for  themselves,  as  they  were 
strong  enough  to  get  about  over  large  areas  and  hunt  for  a  living. 
These  mature  steers  can  withstand  careless  treatment  and  yet  come 
through  to  spring  in  fairly  good  condition,  while  young  animals,  like 
those  in  lots  4  and  5  might  starve  with  similar  feed  and  treatment. 
No  one  would  advise  a  farmer  to  turn  young  animals  on  an  open 
range  during  the  winter  months  and  give  them  no  feed  or  attention. 
A  young  beef  animal,  if  he  is  to  attain  a  respectable  size,  must  be  fed 
and  cared  for  during  the  cold  months. 

Tablb  9. — Weights  and  gains  during  the  winter  months, 

THE  YOUNG  STEERS. 
[Dec.  6, 1909,  to  Mar.  31, 1910, 116  days.] 


Lot. 

Number 
ofsteen. 

Ration. 

Average 

initiia 

weight  of 

each  steer 

(Dec.  6, 

1909). 

Average 

spring 

weight  of 

each  8t4Wr 

Average 

total  gain  of 

each  steer. 

Average 

dailvgainof 

each  steer. 

4 

18 
17 

Cottonseed  meal  and  cottonseed  hulls 
(on^half  ration)... 

Pounds. 
624 

608 

Pounds. 
696 

676 

Pound*. 

74 

66 

Pounds. 
0.64 

B 

Cottonseed  meal,'  cottonseed  hulls, 
Johnson-grass  hay  (one-half  ration) . 

.59 

TUE  COMMON  STEERS. 
[Dec.  6,  1909,  to  Apr.  23,  1910,  139  days.] 


X 

Y 


)     « 


Range  alone. 


565 


«575 


10 


.08 


«  Apr.  23,  1910. 
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The  steers  in  lots  4  and  5  made  as  good  gains  as  was  desired.  No 
effort  was  made  to  fatten  them.  During  the  whole  feeding  period  of 
116  days  each  steer  in  lots  4  and  5  gained  an  average  ol  74  and  68 
poimds,  respectively.  They  were  in  excellent  condition  when  spring 
came. 

Each  steer  in  the  range  lots  (lots  X  and  Y  combined)  gained  an 
average  of  10  pounds  during  the  whole  winter.  They,  too,  were  in 
good  condition  when  grass  came  in  the  spring.  When  cattle  are  turned 
onto  the  open  range  during  the  winter,  as  a  rule,  they  lose  instead 
of  gain  in  weight.  In  some  former  work  the  cattle  which  had  no  feed 
during  the  cold  months  except  what  they  secured  from  the  open  range, 
lost  approximately  100  pounds  each  during  the  winter  time,*  but 
some  allowance  should  be  made  for  the  fact  that  they  came  oflF  the 
range  several  weeks  earlier  than  lots  X  and  Y.  It  is,  however,  a  very 
imusual  occurrence  for  steers  to  make  gain  during  the  winter  months 
when  handled  and  fed  as  were  those  in  lots  X  and  Y. 

QUANTITY  AND  COST  OP  FEED    REQUIBED    TO  MAKE  100  POUNDS  GAIN 

DURING  THE    WINTER. 

The  following  table  shows  that  the  gains  made  during  the  winter 
months  by  the  steers  in  lots  4  and  5  were  expensive  ones.  There 
is  no  way  to  determine  the  cost  of  gains  made  by  the  range  cattle 
(lots  X  and  Y)  as  no  value  or  rental  price  has  ever  been  placed  upon 
the  open  range. 

Table  10. — Quantity  and  co  t  of  feed  required  to  make  100  pounds  of  gain  during  the 

V  inter  month  \ 

THE  YOUNG  STEERS. 
[Dec.  0,  1909.  to  Mar.  31,  1910, 116  days.] 


Lot. 


Ration. 


4 


/Cottonseed  meal, . 
Cottonseed  hulls. . 
Cottonseed  meal. . 
Cottonseed  hullK. . 
Johnson-tTass  hay . 


Feed  required 

to  make  100 

pounds  of 

gain. 


Cost  of  feed 

to  make  100 

pounds  of 

gain. 


$12.05 
14.71 


THE  COMMON  STEERS. 
[Dec.  6,  1909,  to  Apr.  2.3,  1910,  139  days.] 


Y  JRange alone. 


Nothing. 


Each  100  pounds  of  gain  during  the  winter  months  cost  $12.05  and 
$14.71  in  lots  4  and  5,  respectively.     These  were  very  expensive  gains 
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and  hard  to  overcome,  even  when  the  steers  were  continued  on  a  very 
cheap  ration — ^pasture  and  cottonseed  cake — the  following  summer. 
In  fact,  the  expensive  winter  gains  of  lots  4  and  5  were  never  counter- 
acted by  the  cheap  gains  of  the  following  summer,  as  money  was 
finally  lost  on  these  two  lots  of  cattle.  The  gains  secured  during  the 
winter  months  were  expensive  by  reason  of  the  fact  that  the  ration 
was  too  near  a  mere  maintenance  ration.  It  is  seen  that  in  lot  4 
368  pounds  of  cottonseed  meal  plus  2,077  pounds  of  hulls  were 
required  to  make  100  pounds  of  increase  in  live  weight.  In  lot  6' 
where  Johnson-grass  hay  was  introduced,  424  pounds  of  cottonseed 
meal,  1,160  pounds  of  hulls,  and  936  pounds  of  hay  were  required  to 
make  100  pounds  of  gain. 

Johnson-grass  hay  did  not  improve  the  ration  of  cottonseed  meal 
and  hulls.  Nothing  was  gained  by  the  introduction  of  the  hay.  In 
comparing  the  results  of  lots  4  and  5  it  is  learned  that  935  pounds  of 
Johnson-grass  hay  saved  917  pounds  of  hulls,  but  caused  a  loss  of  56 
pounds  of  cottonseed  meal;  or,  1  ton  of  the  hay  was  worth  $5.26  in 
this  feeding  test,  when  cottonseed  meal  and  cottonseed  hulls  are 
valued  at  $26  and  $7  a  ton,  respectively.  It  will  be  remembered  that 
in  Part  I  of  this  bulletin  the  same  hay  was  worth  only  $1.31  a  ton  as 
a  fattening  feed.  (See  p.  17.)  The  nearer  a  feed  or  a  combination  of 
feeds  approaches  a  mere  maintenance  ration  the  more  valuable  such 
a  hay  as  Johnson  grass  becomes. 

The  small  increase  in  live  weight  of  the  steers  in  lots  X  and  Y  was 
made  without  cost,  as  the  range,  their  only  feed,  was  free. 

THE  SPRING  COST  OF  THE  STEERS. 

The  steers  in  lots  4  and  6  cost  3 J  cents  a  pound  in  the  fall  of  1909; 
those  in  lot  4  averaged  $21.84  each  and  those  in  lot  5  $21.28.  They 
were  well-bred  animals ;  no  scrubs  were  among  them.  The  steers  in 
lots  X  and  Y  were  of  a  very  conmion  grade  and  cost  only  2  J  cents  a 
pound.  Although  these  cattle  were  not  to  be  fattened  fop  the  market 
until  the  next  summer,  they  were  all  bought  during  the  fall  of  1909, 
as  it  is  practically  impossible  to  get  together  a  bunch  of  cattle  in  the 
spring.  However,  it  costs  something  to  feed  cattle  through  the 
winter  months,  and  the  farmer  who  buys  them  in  the  fall  wdth  the 
intention  of  carrying  them  until  the  following  summer  to  fatten  for 
the  market  is  interested  in  knowing  what  it  will  cost  to  get  them 
through  the  winter  months.  In  other  words,  he  desires  to  know  the 
spring  cost,  which  is  equal  to  the  fall  price  plus  the  cost  of  getting 
the  cattle  through  the  winter  months.  If  it  were  possible  to  get  them 
through  the  winter  months  without  cost,  or  without  gain  or  loss  in 
weight,  the  spring  and  fall  prices  would  be  identical,  but  this  can 
seldom  be  accomplished.  As  a  rule,  the  steers  must  be  fed,  and  they 
commonly  gain  or  lose  in  weight.  These  expenses  and  changes  in 
live  weight  all  have  a  bearing  on  the  spring  price. 
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The  following  table  presents  the  fall  price,  the  cost  to  get  each 
steer  through  the  winter,  and  the  spring  price  after  the  winter  ex- 
penses and  changes  in  live  weight  have  been  taken  into  consideration: 

Table  11. — Average  fall  and  spring  prices  of  the  cattle  and  cost  of  winter  feeding. 

THE  YOUNG  STEERS. 
[Dec.  6, 1909,  to  Mar.  31, 1910, 116  days.] 


Lot. 


4 

5 


Ration. 


I  Cottonseed  meal. . 
Cottonseed  hulls.. 
Cottonseed  meal.. 
Cottonseed  hulls.. 
Johnson-grass  hay 


Fan  price 
per  hundred- 
weight. 


Cost  to  feed 

each  steer 

through  the 

winter. 


S3. 50 
3.50 


18.95 
9.83 


Spring  price 

per  hundred* 

weight. 


S4.41 
4.00 


THE  COliMON  CATTLE. 
[Dec.  6, 1909,  to  Apr.  23, 1910. 139  daj^.] 


In  lot  4  it  cost  $8.95  to  feed  each  steer  through  the  winter  months. 
In  lot  5,  where  Johnson-grass  hay  was  used,  the  expense  to  feed  each 
steer  for  the  same  length  of  time  was  raised  to  $9.83.  The  Johnson- 
grass  hay  increased  the  expense.  When  these  winter  expenses  are 
added  to  the  original  cost,  and  allowance  made  for  the  winter  gains, 
the  steers  in  the  spring  cost  $4.41  and  $4.60  per  hundredweight  in 
lots  4  and  5,  respectively,  which  brought  their  average  price  to  $30.79 
for  lot  4  and  $31.11  for  lot  5. 

The  steers  in  lots  X  and  Y  were  cheaper  at  the  end  of  the  winter 
than  they  were  the  previous  fall.  This  was  due  to  the  fact  that  they 
gained  a  few  pounds  during  the  winter  months  (10  pounds  each), 
when  no  expense  was  attached  to  feeding  them,  as  they  were  grazed 
on  the  open  range.  It  is,  of  course,  an  unusual  occurrence  for  these 
two  factors  to  be  combined  in  this  way.  These  cattle  were  bought  in 
the  fall  of  1909  for  $2.26  a  hundredweight,  but  when  spring  arrived, 
April  23,  1910,  their  cost  per  hundredweight  was  reduced  to  $2.21. 

FATTENING  THE  CATTLE  ON  PASTURE. 

At  the  close  of  the  winter  tests  the  steers  were  redivided  into  lots, 
turned  into  the  summer  pastures,  and  fattened  for  the  late  sunmier 
market. 

The  winter  feeding  in  lots  4  and  5  was  discontinued  March  31, 1910. 
On  April  2,  1910,  the  pastures  were  ready  for  grazing,  so  the  summer 
fattening  tests  were  inaugurated  on  this  date.  The  steers  in  lots  4 
and  5  were  combined  into  one  lot  and  grazed  upon  the  same  pasture 
throughout  the  summer  experiment. 
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The  range  or  common  cattle  (lots  X  and  Y)  were  divided  into  two 
lots,  as  nearly  equal  as  possible  in  quality,  size,  and  breeding,  and 
placed  upon  separate  pastures  on  April  23,  1910.  Lot  X  was  fed 
cottonseed  cake  along  with  the  pasture;  lot  Y  was  fed  nothing  except 
pasture. 

The  feeding  was  done  once  a  day  in  open  feed  troughs;  these 
troughs  were  conveniently  located  in  the  pastures.  In  order  that  all 
of  the  cattle  would  come  out  to  the  troughs  the  feeding  was  done  in 
the  cool  of  the  evening  or  about  simdown. 

An  abundance  of  water  and  salt  was  kept  before  the  animals  all 
the  time. 

DAILY   RATIONS. 

To  avoid  scouring  and  other  ill  results,  steers  which  are  being 
fattened  must  become  accustomed  gradually  to  cottonseed  meal  and 
cottonseed  cake.  Many  feeders  increase  the  feed  too  rapidly  for  best 
results.  The  temptation  is  to  get  the  steers  on  full  feed  within  a  few 
days  after  the  feeding  begins,  but  this  tendency  should  be  curbed. 
The  following  table  illustrates  the  amount  of  cottonseed  cake  given 
each  steer. daily  by  periods  of  28  days: 

Table  12. — Daily  ration  for  each  iteer  during  summer  fattening. 


Period. 


First  28  davs. . . 
Second  38  days. 
Third  28  days.. 
Foorth  28  days. 
Fifth  28  days... 
Last  7  days 


Cottonaeed  cake  and  {na- 
ture. 


Young  Bteen, 

lots  4  and  6 

combined 

(Apr.  2  to 

Aug.  26, 1910, 

147  days). 


Pounds. 
2.19 
4.36 
6.60 
6.00 
6.00 
6.14 


Common 
steers,  lota  X 
and  Yi  (Apr. 
28  to  Sept  2, 

1910,  m 
days). 


Pounds. 

2.84 
3.48 
3.48 
6.00 
S4.01 


1  Pasture  cnly. 


*  Last  21  days. 


Attention  is  again  called  to  the  fact  that  the  results  secured  in 
lots  4  and  5  (now  combined  into  one  lot)  can  not  be  compared  with 
those  secured  in  lots  X  and  Y.  It  should  be  noted  that  these  lots 
were  not  started  on  feeds  at  the  same  date,  sold  at  the  same  time,  or 
fed  and  cared  for  similarly  the  preceding  winter.  Tbjis  is  not  a  test 
in  which  common  cattle  are  compared  with  good  ones.  Lots  X  and 
Y,  however,  are  comparable  with  each  other. 

All  of  the  cattle,  except  lot  Y,  which  were  on  pasture  alone,  were 
given  a  very  small  daily  feed  of  cake  during  the  first  few  weeks. 
Each  of  the  young  steers  received  an  average  of  only  2.19  pounds  of 
cake  daily  durii^  the  first  28  days.     This  amount  was  increased  from 
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time  to  time,  as  shown  in  the  table.  For  a  time  each  steer  was  eatii^ 
6  pounds  of  cake  a  day,  but  this  amount  was  finally  reduced  some- 
what on  account  of  scouring  and  hot  weather. 

At  first  the  common  steers  (lot  X)  were  also  given  a  yeiy  small 
allowance  of  cottonseed  cake,  each  steer  receiving  an  average  of  2.84 
pounds  of  cake  daily  during  the  first  28  days.  The  steers  in  this  lot 
were  never  given  a  daily  feed  of  over  6  pounds  of  cake.  The  steers 
in  lot  Y  received  no  feed  at  all  in  addition  to  the  pasture,  the  object 
being  to  learn  whether  it  would  pay  to  feed  cottonseed  cake  to  steers 
of  this  grade  while  grazing  a  fairly  good  pasture. 


WEIGHTS   AND   GAINS   ON   PASTURE. 

The  following  table  shows  the  average  initial  weight,  average  final 
weight,  and  the  total  gains  and  average  daily  gains  of  each  steer. 
All  of  the  gains  were  unsatisfactory.  To  have  been  entirely  satisfac- 
tory the  average  daily  gains  should  have  been  not  less  than  2  pounds. 
The  authors  are  unable  to  state  positively  why  the  gains  were  no 
greater,  but  it  was  probably  due  to  the  unusual  amount  of  rain  during 
the  grazing  season.  The  pastures  were  on  low  grounds  which  con- 
tinued extremely  wet  throughout  the  greater  part  of  the  test.  The 
grass  made  a  good  growth  and  the  steers  seemed  to  be  well  filled 
practically  all  of  the  time,  but  of  course  the  grass  that  they  obtained 
was  very  soft  and  full  of  water. 

Table  13. — WeigJU^,  total  gains ^  and  average  daily  gains  of  the  steers  dvring  the  summer 

of  1910. 

THE  YOUNG  STEERS. 
[Apr.  2  to  Aug.  26, 1910, 147  days.] 


Lot. 

« 

Number 

of 
steers. 

4 

5 

}     « 

Ration. 


Pa»ture  and  cottonseed  cake. 


Average 

initial 

weight  of 

each  steer. 


Pounds. 

087 


Average 

final 

weight  of 

each  steer. 


Pounds. 
855 


Average 

total  gain 

of  each 

steer. 


Pound*. 
168 


Average 

daily  gain 

of each 

steer. 


Pounds. 
1.14 


THE  COMMON  STEERS. 
[Apr.  23  to  Sept.  2, 1910, 133  days.] 

X 

28 
15 

PfMliirA  find  flnt.t/nMM»d  caIta.  . . , 

572 
580 

761 
757 

189 

177 

1.42 

Y 

Pasture  alone 

1.33 

Each  of  the  young  steers  made  a  total  gain  of  168  pounds  during 
the  147  days  that  they  were  on  feed.  This  was  an  average  daily  gain 
of  1.14  pounds.  As  stated  before,  these  gains  were  exceedingly 
unsatisfactory.  With  the  amount  of  cottonseed  cake  they  received 
along  with  the  pasture  it  was  expected  that  they  would  make  not  less 
than  an  average  daily  gain  of  2  pounds  a  day.     In  some  fanner  feeding 
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work  ^  the  daily  gains  secured  averaged  more  than  2  pounds  when 
the  pastures  were  supplemented  by  cottonseed  cake. 

The  common  cattle  of  lot  Y  (pasture  alone)  made  fairly  satisfactory 
gains,  although  larger  gains  were  expected.  Each  steer  made  an 
average  daily  gain  of  1.33  pounds,  or  a  total  gain  of  177  pounds  for 
the  whole  summer  of  133  days.  The  steers  (lot  X)  which  received 
some  cottonseed  cake  along  with  the  pasture  made  a  very  little  lai^er 
daily  gain  than  the  ones  on  pasture  alone.  Each  cake-fed  steer  made 
an  average  daily  gain  of  1.43  pounds,  or  a  total  gain  of  189  pounds  for 
the  whole  summer,  while  the  pasture  steers  each  gained  177  pounds, 
or  an  average  daily  gain  of  1.33  poimds. 

QUANTITY  AND  COST  OP   FEED  REQUIRED   TO  MAKE  100   POUNDS  GAIN. 

When  cattle  are  being  fattened  and  the  gains  are  small,  they  are 
almost  certain  to  be  expensive.  The  results  secured  in  this  experi- 
ment were  no  exception  to  the  general  rule.  The  table  following 
shows  that  the  sunmier  gains  were  extremely  expensive  when  com- 
pared with  former  experiments  that  have  been  made  in  this  State. 
At  least  two  factors  were  involved  in  making  these  summer  gains 
expensive.  First,  the  cattle  were  fed  a  rather  heavy  ration  of  high- 
priced  cottonseed  cake  along  with  the  pasture,  and,  second,  the  cattle 
did  not  respond  to  the  liberal  feeding,  due  probably  at  least  in  part  to 
the  wet  pastures. 

Table  1^.— Quantity  and  cost  of  feed  required  to  make  100  founds  of  gain, 

THE  YOUNG  STEERS. 
[Apr.  2  to  Aug.  16, 1910, 147  days.] 


Lot. 

Number 

of 
cattle. 

Ratlfln. 

Total  cost  of 

feed  and 

pasture  for 

each  steer. 

Feed  re- 
quired to 
make  100 
pounds  of 
gain. 

Cost  to  make 
100  pounds 

of  gain 

(including 

pasture). 

4 

}     » 

Pafftnre  and  cottontwed  cake 

$1L54 

423 

$7.06 

5 

THE  COMMON  CATTLE. 
[Apr.  23  to  Sept  %  1910, 138  daTs.] 

X 

28 
IS 

Pasture  and  oottonaeed  cake 

19.10 
2.38 

274 
None. 

94.82 

Y 

Pafftnre  alone. 

1.55 

It  cost  $11.54  to  feed  each  steer  in  lots  4  and  5  through  the  summer 
when  cottonseed  cake  is  valued  at  $26  a  ton  and  the  pasture  at  50 
cents  a  month  for  each  animal.  Or  it  required  423  pounds  of  cotton- 
seed cake,  at  a  cost  of  $7.06,  to  make  100  pounds  of  increase  in  live 
weight.     This  was  an  unusually  expensive  gain  for  summer  feeding. 


I  See  Bureau  of  Animal  Industry  Bulletin  131,  p.  40. 


34  FEEDING  BEEP  CATTLE  IN  ALABAMA. 

The  following  extract  is  taken  from  Bureau  of  Animal  Industry 
Bulletin  131,  page  41,  which  is  a  report  of  some  previous  work  done 
in  fattening  cattle  in  the  summer  time  on  pasture: 

In  every  case  above  the  cost  to  make  100  pounds  increase  in  live  weight  was  very 
low.  (In  one  case  $1.18  when  pasture  was  used  alone,  in  another  case  $1.03;  when 
cottonseed  cake  was  used  it  cost  only  $2.56  to  make  100  pounds  of  gain  in  one  experi- 
ment, and  $3.21  in  a  second  test.)  When  steers  are  fattened  during  the  winter  time 
each  pound  of  gain  is  put  on  at  a  loss,  as  each  pound  put  on  may  be  expected  to  cost 
from  8  to  12  cents;  and  the  profit  is  dependent  upon  the  enhancement  of  the  value 
of  the  steer  over  and  above  the  selling  value  of  pounds  of  gain  made.  In  these  tests 
each  pound  put  on  during  the  ^ttening  period  was  put  on  at  a  profit,  a  very  unusual 
occurrence  in  ibttening  beef  cattle.  These  cheap  finishing  gains  made  the  feeding 
operations  comparatively  safe  as  far  as  profits  were  concerned.  As  stated  before, 
these  cheap  gains  were  due  to  two  factors;  first,  the  cattle  had  a  cheap  and  succulent 
roughage — ^pasture.  Second,  the  amount  of  concentrated  feeds  used  was  kept  down 
to  a  comparatively  small  figure;  from  2.76  to  3.31  pounds  of  cottonseed  cake  and  4.48 
poimds  of  cotton  seed  were  fed  each  steer  daily. 

In  lot  X,  one  of  the  lots  of  common  cattle,  274  pounds  of  cake 
were  required  to  make  100  pounds  of  gain,  at  an  expense  of  $4.82 
per  hundredweight.  To  feed  each  steer  in  this  lot  all  summer  it 
cost  $9.10,  when  the  feeds  are  valued  as  above.  The  cattle  in  lot  Y 
received  no  cake  in  addition  to  the  pasture,  so  it  cost  only  $2.38  to 
feed  each  one  from  April  23  to  September  2,  when  pasture  is  valued 
at  50  cents  a  month  per  head. 

FINANCIAL   STATEMENT   OF  THE   SUMMEB  FEEDING. 

As  stated  before,  the  cattle  in  lots  4  and  5  cost  3^  cents  a  pound  in 
the  fall  of  1909.  These  cattle  were  fed  through  the  winter  of  1909-10 
on  a  light  ration  of  feeds  as  heretofore  outlined.  When  spring 
arrived,  and  the  expense  of  the  winter  feeding  had  been  added  to 
fall  price,  the  steers  had  cost  $4.41  and  $4.60  per  hundredweight 
respectively.  These  were  the  values  placed  upon  them  at  the 
beginning  of  the  summer  feeding,  April  2,  1910.  On  August  26, 
1910,  they  were  sold  for  $4.50  per  hundredweight  on  the  farm,  after 
a  3  per  cent  shrink. 

The  common  cattle  in  lots  X  and  Y  were  also  purchased  in  the  fall 
of  1909,  costing,  however,  only  2i  cents  a  pound.  They  ate  no 
expensive  feeds  during  the  winter  months  as  they  were  turned  out 
on  the  open  range.  On  April  23,  1910,  they  were  taken  off  this 
winter  range  and  weighed  again,  and  it  was  learned  that  each  steer 
had  gained  10  pounds  during  the  winter.  Owing  to  the  fact  that 
they  had  been  fed  no  feeds  during  the  winter  upon  which  a  price 
was  placed  (open  range  has  no  value  placed  upon  it),  they  were 
really  cheaper  in  the  spring  of  1910  than  they  were  the  previous  fall, 
as  they  had  gained  in  weight.  This  condition  of  affairs  is,  of  course, 
very  unusual.    "When  this  increase  in  weight  was  taken  into  con- 
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sideration,  the  cattle  cost  $2.21  per  hundredweight  in  the  spring  of 
1910;  at  the  beginning  of  the  summer  work  this  value  was  placed 
upon  them.  On  September  2,  1910,  they  were  sold  and  shipped  to 
the  Atlanta  market,  realizing  $3.87^  per  hundredweight  for  lot  X^ 
and  $3.60  per  hundredweight  for  lot  Y. 

Financial  statement  of  lots  4  and  5. 

Lot  4.  Cottonseed  cake  and  pasture: 

By  sale  18  steers,  15,064  pounds,  at  |4.50  per  hundredweight |677.  881 

To  18  steers,  12,566  pounds,  at  $4.41  per  hundredweight.'. |554. 16 

To  12,770  pounds  cottonseed  cake,  at  $26  per  ton 166. 01 

To  pafture  for  5}  months,  at  50  cents  a  month  per  head 47. 25 

Total  expense 767. 42 
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Total  loss 89.54 

Loss  per  steer 4.  97 

Lot  5.  Cottonseed  cake  and  pasture: 

By  sale  17  steers,  13,978  pounds,  at  $4.50  per  hundredweight 629. 01 

To  17  steers,  11,494  pounds,  at  $4.60  per  hundredweight $528.  72 

To  12,061  pounds  cottonseed  cake,  at  $26  a  ton 156.  79 

To  pasture  for  5}  months,  at  60  cents  a  month  per  head 44. 62 

730. 13 

■  ■  ■  ■  ^ 

Total  loss 101.12 

Loss  per  steer 5.  95 

It  is  seen  that  the  steers  in  both  of  these  lots  were  fed  at  a  loss, 
each  steer  losing  $4.97  and  $5.95  in  lots  4  and  5,  respectively.  It 
should  be  noted  that  the  expense  of  feeding  these  cattle  through  the 
previous  winter  is  also  charged  against  them  in  the  above  statements. 
The  steers  in  lot  4  were  fed  through  the  previous  winter  on  cotton- 
seed meal  and  hulls,  while  those  of  lot  5  had  some  Johnson-grass  hay 
added  to  the  basal  ration  of  cottonseed  meal  and  hulls.  More  money 
was  lost  on  the  steers  in  lot  5  because  of  the  fact  that  Johnson-grasa 
hay  increased  the  expense  of  the  winter  ration.     (See  p.  16.) 

This  work  clearly  shows  that  profits  can  not  be  made  upon  cattle 
when  the  conditions  are  as  they  were  in  this  test.  It  is  true  that  the 
beef  cattle  market  was  demoralized  just  at  the  time  of  sale,  but 
even  with  a  normal  market  it  would  have  been  impossible  to  have 
made  money  on  these  young  steers.  To  have  come  out  even  on  the 
operation  the  steers  of  lots  4  and  5  would  have  had  to  sell  for  $5.09 
and  $5.24  per  hundredweight,  respectively.  This  they  would  not 
have  done  even  under  normal  market  conditions.  Too  much  high- 
priced  feed  had  been  fed  to  these  steers.  Furthermore,  subsequent 
work  seems  to  teach  that,  while  they  were  fed  too  long  a  time  in  the 
summer,  they  were  not  fed  liberally  enough  during  the  winter.  If 
they  had  been  sold  earlier  in  the  summer  the  financial  outcome 
would  not  have  been  so  discouraging,  as  the  price  would  have  been, 
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better  and  considerable  high-priced  feed  would  have  been  saved. 
In  fact,  a  little  profit  would  have  been  secured  if  they  had  been  sold 
about  July  1.  Then  again,  the  expense  of  feeding  them  during  the 
winter  was  heavy,  while  only  small  gains  were  secured.  It  cost  $8.95 
and  $9.83  to  feed  each  steer  in  lots  4  and  5  through  the  winter  months. 
If  profits  are  to  be  made  in  handling  cattle  in  this  manner,  the  winter 
feed  bill  must  be  carefully  looked  after. 

Two  or  three  methods  of  feeding  can  be  adopted  by  which  the 
winter  feeding  can.be  done  more  economically  than  was  the  case  in 
these  tests.  In  the  first  place,  these  young  steers  were  not  fed  a 
sufficient  amount  of  feed  during  the  winter  months.  Their  ration 
was  too  nearly  a  mere  maintenance  ration.  In  the  second  place, 
the  open  range  in  some  parts  of  the  State  can  be  used  to  supplement 
the  high-priced  feeds.  With  young  animals  the  range  can  never 
entirely  take  the  place  of  high-priced  feeds,  as  young  animals  must 
be  fed  during  the  winter  months  if  satisfactory  results  are  secured. 
This  system  of  wintering  cattle,  however,  will  disappear  as  soon  as 
the  State  becomes  more  densely  populated  and  the  large  farms  are 
divided  into  small  ones.  In  the  third  place,  the  old  cotton  and  com 
fields  can  be  made  to  be  exceedingly  profitable  when  fenced;  both 
the  young  and  old  animals  can  be  turned  on  these  fields  and  often- 
times secure  one-half  of  their  winter  feed  from  them.  This  third 
method  is  a  permanent  one  and  will  be  introduced  more  and  more 
as  our  farming  conditions  change. 

Financial  statement  of  lots  X  and  Y. 

tx)t  X.  Cottonseed  cake  and  pasture: 

By  sale  28  steers,  20,665  pounds,  at  $3.87)  per  hundredweight $800. 77 

To  28  steers,  16,011  pounds,  at  $2. 19  per  hundredweight $350. 64 

To  14,493  pounds  cottonseed  cake,  at  $26  a  ton 188.41 

To  pasture,  4}  months,  at  50  cents  a  month  per  head.  J 66.  50 

605.55 

Total  profit 195.22 

Profit  per  steer 6. 97 

Lot  Y.  Pasture  alone: 

By  sale  15  steers,  11,008  pounds,  at  13.60  per  hundredweight 396.  29 

To  15  steers,  8,697  pounds,  at  $2.25  per  hundredweight 1195.68 

To  pasture,  4)  months,  at  50  cents  a  month  per  head 35.  63 

23L31 

Total  profit 164.98 

Profit  per  steer IL  00 

It  may  be  noted  that  the  spring  price  of  these  cattle  is  stated  in 
other  places  to  be  S2.21  per  hundredweight.  This  is  correct  for  the 
entire  lot,  but  after  they  were  divided  it  was  found  that  the  value  of 
lot  X  was  $2.19  and  lot  Y  $2.25  per  hundredweight. 

These  steers  were  sold  on  the  farm  with  a  3  per  cent  shrink.  Those 
in  lot  X  sold  for  $3.87^  per  hundredweight  and  those  in  lot  Y  for 
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$3.60.  Exceedingly  satisfactory  profits  were  made  on  these  cattle, 
$6.97  clear  profit  being  made  on  each  steer  in  lot  X,  while  each 
animid  in  lot  Y  returned  a  profit  of  $11. 

In  this  particular  experiment  it  did  not  pay  to  supplement  the 
pasture  with  the  cottonseed  cake;  more  money  would  have  been 
made  if  the  cake  had  not  been  used.  These  results,  however,  do  not 
agree  with  others  secured  in  former  work.*  The  cattle  in  lot  X  did 
not  respond  to  the  extra  feed  of  cottonseed  cake;  this  is  shown  to  be 
true  by  the  daily  gains.  The  steers  in  lot  Y,  where  no  cake  was  fed, 
made  an  average  daily  gain  of  1.33  pounds,  while  the  steers  of  lot  X, 
where  the  cake  was  fed  along  with  the  pasture,  made  an  average  daily 
gain  of  only  1.42  pounds.  This  is  unusual  and  the  authors  regard 
the  results  as  abnormal. 

SLAUGHTER  RECORDS. 

The  steers  of  lots  4  and  5  were  shipped  to  Atlanta,  where  complete 
slaughter  records  were  secured.  Those  of  lots  X  and  Y  were  also 
shipped  to  Atlanta,  but  no  slaughter  data  were  secured. 


Table  16. — Shipping/  weights  and  slaughter  data. 

Lot. 

Number  of 
steers. 

Total  weight 
on  farm. 

Total  weight 
at  Atlanta. 

Shrhikage 
en  route 
per  steer. 

Total 

dressed 

weight  at 

Atlanta. 

Percent 

dressed  out 

by  farm 

weight. 

Percent 
dressed  out 
by  Atlanta 

weight. 

4 

6 

18 
17 

Poundt. 
15,530 
14,402 

Pound*. 
14,920 
13,740 

Pounds. 
33.9 
38.9 

Pounds. 

8,252 
7,531 

53.1 
52.3 

55.3 
54.8 

The  cattle  were  driven  4  miles  from  the  farm  to  the  railroad. 
The  shrinkage  en  route  was  comparatively  small,  being  33.9  pounds 
and  38.9  pounds  for  each  animal  in  lots  4  and  5,  respectively.  By 
Atlanta  weights  the  steers  in  lot  4  dressed  56.3  per  cent,  while  those 
in  lot  5  dressed  54.8  per  cent. 

SUMMARY. 

1.  Two  separate  tests  ar6  reported  in  Part  II.  The  steers  in  lota 
4  and  5  were  a  high-grade  bunch  of  young  cattle;  those  in  lots  X  and 
Y  were  the  coromon  cattle  of  Sumter  and  neighboring  counties. 
These  tests  are  not  comparable. 

2.  The  steers  in  lots  4  and  5  were  carried  through  the  winter  of 
1909-10  on  the  following  feeds: 

Lot  4:  Cottonseed  meal,  cottonseed  hulls.  Lot  5:  Cottonseed 
meal,  cottonseed  hulls,  Johnson-grass  hay. 

The  general  plan  was  to  give  sufficient  feed  to  produce  small  gains 
throughout  the  winter  months.  No  effort  was  made  to  fatten  the 
steers,  as  they  were  to  be  fattened  the  following  sunmier  on  pasture, 

1  See  Boreau  of  Animal  Lidustry  Bulletin  131. 


B8  FSBDIKQ  BEEF  CATTLE  IN  ALABAMA. 

3.  The  steers  in  lots  X  and  Y  were  carried  through  the  winter  of 
1909-10  on  the  range  alone;  no  purchased  feeds  were  used.  The 
object  was  to  fatten  these  cattle  the  following  summer  on  pasture. 

4.  The  steers  in  lots  4  and  5  ate  the  following  amounts  of  feed  each 
day  during  the  winter: 

Lot  4:  Cottonseed  meal,  2.35  pounds;  cottonseed  hulls,  13.29 
pounds.  Lot  5:  Cottonseed  meal,  2.35  pounds:  cottonseed  hulls, 
6.82  pounds;  Johnson-grass  hay,  5.50  pounds. 

5.  The  test  was  inaugurated  December  6,  1909.  On  this  date  the 
steers  in  lots  4  and  5  averaged  624  and  608  pounds  in  weight.  At 
the  close  of  the  winter  period.  April  1,  1910,  the  steers  had  attained 
an  average  weight  of  698  and  676  pounds  in  the  respective  lots. 

6.  The  steers  in  lots  X  and  Y  (combined  during  the  winter  months) 
averaged  565  pounds  in  weight  at  the  beginning  of  the  test,  December 
6,  1909.  At  the  close  of  the  winter,  April  23,  1910,  they  had  attained 
«n  average  weight  of  575  pounds. 

7.  To  feed  each  steer  through  the  winter  cost  $8.95  and  $9.83  in 
lots  4  and  5,  respectively.  Johnson-grass  hay  increased  the  expense; 
it  did  not  pay  to  use  the  hay  along  with  the  cottonseed  meal  and  hulls. 

8.  The  steers  in  lots  4  and  5  cost  3i  cents  a  poimd  when  they  were 
purchased  in  the  fall  of  1909.  At  the  end  of  the  winter  feeding  they 
had  cost  $4.41  and  $4.60  per  hundredweight,  respectively,  after  the 
gains  were  taken  into  consideration. 

9.  Owing  to  the  fact  that  the  common  cattle  in  lots  X  and  Y  were 
fed  nothing  except  range  during  the  cold  months,  but  at  the  same 
time  gained  a  little  in  weight,  they  were  cheaper  when  spring  opened 
than  they  were  the  previous  fall.  They  were  bought  in  the  fall  of 
1909  for  $2.25  per  hundredweight,  and  at  the  end  of  the  winter 
period,  April  23,  1910,  their  cost  per  hundredweight  was  reduced  to 

10.  When  the  spring  of  1910  arrived  all  the  cattle  were  turned  on 
pasture  and  fattened  for  the  late  sununer  market.  Lots  4  and  5 
were  combined  into  one  lot,  while  lots  X  and  Y  were  separated  into 
two  lots.  The  steers  in  lots  4  and  5  were  fed  cottonseed  cake  along 
with  pasture  from  April  2,  1910,  to  August  26,  1910.  The  steers  in 
lots  X  and  Y  were  given  the  following  feeds  from  April  23,  1910,  to 
September  2,  1910:  Lot  X,  pasture  and  cottonseed  cake;  lot  Y, 
pasture  alone. 

11.  The  steers  in  lots  4  and  5  (now  combined)  made  an  average 
daily  gain  of  only  1.14  pounds  diuing  the  pasture  season.  This  was 
unsatisfactory. 

12.  The  steers  in  lots  X  and  Y  made  an  average  daily  gain  of  1.42 
and  1.33  pounds,  respectively,  during  the  pasture  season.  This  was 
also  unsatisfactory. 
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13.  Including  the  cost  of  pasture,  it  cost  $7.06  to  make  100  pounds 
of  gain  in  lots  4  and  5  during  the  pasture  period.  These  were  unusu- 
ally expensive  gains  for  the  summer  season. 

14.  Including  the  cost  of  pasture,  it  cost  S4.82  and  $1.55  to  make 
100  pounds  of  gain  in  lots  X  and  Y,  respectively. 

15.  The  reader's  attention  is  called  to  the  fact  that  the  results 
secured  with  lots  4  and  5  are  not  comparable  with  those  secured 
with  lots  X  and  Y. 

16.  Money  was  lost  on  the  cattle  in  lots  4  and  5 — ^$4.97  on  each 
steer  in  lot  4,  and  $5.95  on  each  one  in  lot  5. 

17.  Excellent  profits  were  realized  on  the  cattle  in  lots  X  and  Y — 
$6.97  on  each  steer  in  lot  X,  and  $11  on  each  one  in  lot  Y. 

In  this  experiment  it  did  not  pay  to  supplement  the  pasture  with 
the  cottonseed  cake.  This  result,  however,  does  not  agree  with  other 
results  secured  in  former  experiments.  For  reasons  stated  in  the 
text  of  this  buUetin,  the  authors  regard  the  results  as  abnormal. 


m.  THE  VALUE  OP  SHELTER  FOR  PATTEWIIf  G  CATTLE  IN 

ALABAMA. 


INTRODUCTION. 

During  the  winters  of  1904,  1905,  and  1906  this  bureau,  working 
in  cooperation  with  the  Alabama  Experiment  Station,  carried  through 
some  tests  to  determine  the  value,  if  any,  of  shelter  in  fattening 
southern  steers.  These  results  were  published  in  Bulletin  103  of  the 
Bureau  of  Animal  Industry.  In  comparing  the  daily  gains  the 
authors  stated: 

The  animals  in  pen  2  were  fed  under  an  open  shed,  and  pen  6  had  no  shelter.  The 
average  daily  gains  for  the  three  years  was  1.55  pounds  for  the  pen  under  shelter  and 
1.47  pounds  for  the  lot  without  shelter.  In  the  two  wet  winters  (1904-1905  and  1905- 
1906)  the  largest  daily  gains  were  made  by  the  lot  under  shelter;  but  in  the  mild  and 
rather  dry  weather  of  1906-1907  the  lot  without  shelter  made  more  rapid  gains. 

With  regard  to  feed  requirements  the  authors  further  stated : 

In  two  experiments  out  of  three  and  in  the  average  for  three  yeais,  shelter  resulted 
in  a  slight  economy  in  use  of  concentrated  feeds  and  a  slight  loss  in  the  use  of  roughage. 
In  other  words,  shelter,  on  the  whole,  saved  0.2  of  a  pound  of  cottonseed  meal  per 
pound  gain  and  lost  0.49  of  a  pound  of  roughage.  The  steers  out  of  doors  consumed 
a  larger  ration  of  roughage. 

Or,  in  other  words,  when  the  cottonseed  meal  is  valued  at  $26  a 
ton  and  hulls  at  $7  a  ton  the  shelter  saved  practically  9  cents  on  every 
100  pounds  of  gain  made.  Sheds  can  not  be  built  and  maintained 
with  this  small  saving. 

However,  the  above  steers  were  not  managed^  with  reference  to 
bedding  and  available  space  for  exercise,  as  they  are  usually  fed  on 
the  farms  of  Alabama. 

The  feed  lots  were  16  by  90  feet,  the  groimd  sloping  away  from  the  shed.  These 
lots  had  a  good  slope,  but  still  became  very  muddy  in  wet  weather.  The  lot  without 
shelter  was  at  times  several  inches  deep  in  mud,  so  that  the  steers  had  no  dry  place 
to  lie  down.  None  of  the  lots  were  bedded,  though  the  sheds  were.  The  feed  troughs 
were  under  the  sheds.  The  water  troughs  were  near  the  feed  troughs  and  under  the 
shed,  the  water  being  supplied  from  a  well.  The  troughs  had  float  valves,  so  that  a 
fresh  supply  of  water  was  kept  in  them  at  all  times. 

The  average  feeder  of  the  State  does  not  confine  the  fattening 
steers  in  small  lots  16  by  90  feet;  the  Bureau  and  Station  authorities^ 
however,  on  account  of  the  lack  of  ground,  had  to  do  so,  and  of  course 
the  steers  in  the  lot  without  shelter  were  at  a  disadvantage  on  account 
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of  the  deep  mud.  When  the  fanner  feeds  without  shelter  the  steers 
can  usually  find  a  dry  piece  of  ground  on  which  to  lie,  as  they  are  not 
confined  in  small  lots. 

In  connection  with  another  line  of  work  during  the  winter  of 
1910-11  an  opportunity  presented  itself  to  cany  through  another 
experiment  along  this  line  upon  an  extensive  scale,  and  the  condi- 
tions sun'Oimding  the  present  test  were  more  nearly  in  keeping  with 
average  farm  conditions  than  were  those  of  the  former  experiments. 

The  work  was  done  in  cooperation  with  Mr.  E.  F.  Allison,  of  Sumter 
County,  Ala.  Mr.  Allison  furnished  the  cattle  and  the  feed,  and  the 
Bureau  of  Animal  Industry  and  the  Alabama  Experiment  Station 
provided  a  trained  man  to  look  after  the  details  of  feeding.  Mr. 
L.  W.  Shook  was  stationed  on  the  farm  and  had  personal  supervision 
of  the  experiment. 

PLAN  OF  THE  EXPERIMENT. 

This  work  was  planned  with  two  objects  in  view: 

1.  To  study  various  methods  of  making  and  saving  manure  when 
beef  cattle  are  fattened  during  the  winter  months. 

One  lot  of  steers  was  fed  on  a  5-acre  tract  of  level  sandy  land,  so 
that  all  the  manure  they  made  was  deposited  upon  the  land  without 
the  expense  of  hauling.  A  second  bimch  of  cattle  was  fed  in  a  small 
lot,  across  one  side  of  which  was  a  good  shed.  Both  the  lot  and  the 
shed  were  bedded  when  necessary.  The  steers  could  always  find  dry 
places  upon  which  to  lie.  An  accurate  account  was  kept  of  the 
amount  of  bedding  hauled;  the  labor  required  to  haul  it,  and  the  ex- 
pense of  hauling  the  manure  from  the  bam  to  a  second  5-acre  tract 
of  land  adjoining  the  first  tract.  The  comparative  value  of  the  two 
methods  of  making  and  saving  manure  is  to  be  finally  measured  in 
terms  of  subsequent  yields  of  com  and  cotton. 

2.  To  study  the  value,  if  any,  of  shelter  in  fattening  southern  beef 
animals. 

The  results  of  the  second  object  are  reported  in  the  following  pages. 
Sufficient  information  relative  to  the  first  object  has  not  been  col- 
lected to  warrant  a  report. 

THE  CATTLE. 

The  cattle  used  in  this  test  were  a  mixed  lot  of  steers,  heifers,  and 
cows,  averaging  from  2  to  4  years  of  age.  As  the  main  object  of  the 
test  was  to  study  methods  of  making  and  saving  manure,  the  quaUty 
of  the  animals  was  somewhat  neglected.  They  were  the  common 
cattle  of  Sumter  and  neighboring  counties;  only  a  very  few  showed 
signs  of  improved  beef  blood.  They  cost  $2.30  per  hundredweight 
during  the  late  fall  of  1910.  The  price  paid  shows  that  the  quahty 
was  poor,  as  the  best  feeders  of  the  county  were  selUng  for  $3  to  $3.50 
per  hundredweight. 
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PRELIMINARY  MANAGEMENT  AND  FEEDING. 

A  few  of  the  cattle  were  raised  upon  the  farm  where  the  experiment 
was  conducted;  the  majority,  however,  were  purchased  from  neigh- 
bors. Some  of  the  cattle  were  purchased  early  in  the  fall;  these, 
together  with  the  few  that  were  raised  on  the  farm,  were  grazed  upon 
a  large  pasture,  with  no  additional  feed,  from  October  10  to  October  21 , 
1910.  On  October  21,  30  head  were  taken  from  this  pasture  and 
turned  into  a  peanut  pasture  where  hogs  and  sheep  were  grazing. 
While  they  were  on  peanuts  each  animal  was  given  a  daily  feed  of  1 
pound  of  cottonseed  cake.  On  October  31  they  were  taken  back  to 
the  first-mentioned  pasture  and  the  daily  allowance  of  cake  was 
raised  to  2  pounds  for  each  animal.  As  cold  weather  approached  the 
value  of  the  pasture  gradually  decreased,  and  the  amount  of  cake  was 
therefore  gradually  increased.  By  December  16,  1910,  each  animal 
was  eating  practically  4  pounds  of  cake  each  day.  On  this  date  they 
were  taken  off  the  pasture,  as  it  was  of  no  further  value,  and  the  test 
inaugurated. 

The  cattle  were  all  dehorned  before  the  experiment  began. 

Individual  weights  of  the  cattle  were  secured  at  the  beginning  and 
end  of  the  test.     Lot  weights  were  secured  every  28  days. 

Feeding  was  done  twice  each  day,  once  about  7  o'clock  in  the  morn- 
ing and  again  at  4  o'clock  in  the  afternoon.  The  cottonseed  jneal  was 
mixed  with  the  hulls  by  hand.  Water  was  kept  before  the  cattle  all 
the  time.     Salt  was  fed  once  a  week. 

LOTS  AND  SHELTER. 

The  cattle  were  divided  into  two  lots.  Lot  1  was  fed  in  a  small  lot, 
across  the  east  side  of  wliich  extended  a  shed  and  the  feed  troughs; 
the  animals  therefore  had  the  privilege  of  standing  either  under  the 
shed  or  in  the  open  lot.  From  time  to  time  sufficient  bedding  was 
hauled  to  cover  the  entire  lot.  The  object  was  to  keep  the  whole 
lot  well  bedded,  but  several  times  during  the  test  that  part  of  the 
lot  not  under  shelter  became  exceedingly  muddy.  However,  the 
cattle  could  always  find  dry  places. 

The  steers  in  lot  2  were  fed  on  a  5-acre  tract  of  sandy  land  with  no 
shelter  at  all.  This  tract  of  land  had  been  under  cultivation  for 
several  years,  so  the  trees  had  been  removed.  The  feed  troughs, 
which  were  also  in  the  open,  were  made  in  such  a  way  that  they  could 
be  pulled  from  place  to  place;  in  this  way  the  manure  was  evenly 
distributed  over  the  field.  The  soil  was  sandy,  so  the  ground  never 
became  exceedingly  muddy,  although  the  winter  of  1910-11  was  an 
unusually  wet  one. 
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CHARACTER  AND  PRICE  OF  FEEDS. 

Cottonseed  meal  and  cottonseed  hulls  were  fed  to  both  lots.  No 
other  feeds  were  used.  Both  the  meal  and  hulls  were  of  good  quality. 
The  following  prices  were  taken  as  a  basis  upon  which  to  make  the 
financial  estimates : 

Per  ton. 

Gottonaeed  meal ■. $26.00 

Cottonaeed  hulla 7.  00 

DAILY  RATIONS. 

There  seems*  to  be  no  doubt  that  the  majority  of  our  southern 
farmers  feed  too  much  cottonseed  meal  to  cattle  which  are  being  fat- 
tened. The  average  feeder  is  tempted  to  increase  the  amount  of  cot- 
tonseed meal  too  rapidly  at  the  beginning  of  the  feeding  period  and 
continue  to  increase  the  amount  until  the  total  feed  of  meal  is 
entirely  too  great.  When  this  is  done  the  cattle  are  oftentimes 
"burnt  out"  by  the  time  they  have  been  fed  from  70  to  80  days 
and  must  then  be  sold  often  under  unfavorable  market  conditions. 
"Burnt  out"  cattle  can  not  be  held  for  better  market  conditions. 

The  table  below  shows  the  average  daily  ration  of  cottonseed  meal 
and  hulls  in  this  experiment  by  periods  of  28  days  each: 

Tablb  17. — Average  quantity  of  feed  eaten  by  each  animal  daily. 
[Deo.  16, 1910,  to  Mar.  28, 1911, 103  days.] 


Period. 

Lot  1  (shelter). 

Lot  2  (no  shelter). 

First  28  days 

/  4.15  pounds  cottonseed  meal 

4.19  pounds  cottonseed  meal. 

Second  28  da3rs 

1 18.11  pounds  cottonseed  hulls 

J  6.04  pounds  cottonseed  meal 

16.63  pounds  cottonseed  hulls. 
6.05  pounds  cottonseed  meal. 

Third  28  days 

\20.17  pounds  cottonaeed  hulls 

/  6.33  pounds  cottonseed  meal 

20.12  pounds  cottonseed  hulls. 
6.20  pounds  cottonseed  meal. 

Last  19  days 

U9.39  pounds  cottonseed  hulls 

/  6.19  pounds  cottonseed  meal 

19.61  pounds  cottonseed  hulls. 

6.18  pounds  cottonseed  meal. 

18.69  i>ounds  cottonseed  hulls. 

\18.61  pounds  cottonseed  hulls 

At  the  beginning  of  the  test  the  cattle  averaged  578  and  585 
pounds  in  weight  in  lots  1  and  2,  respectively. 

These  cattle  were,  in  a  way,  accustomed  to  cottonseed  meal,  as 
they  had  received  a  small  feed  of  cottonseed  cake  for  several  weeks 
previous  to  the  beginning  of  the  experiment,  yet  their  daily  allow- 
ance of  meal  was  below  3  pounds  an  animal  for  several  days  after 
the  test  begun.  This  amount  was  gradually  raised  and  each  steer 
ate  an  average  of  4.15  pounds  of  cottonseed  meal  daily  during  the 
first  28  days;  along  with  this  amount  of  meal  an  average  of  18.11 
pounds  of  hulls  were  consumed  daily  by  each  animal.  They  were 
given  all  of  the  hulls  they  would  clean  up.  The  cattle  in  lot  2  ate 
practically  the  same  as  those  in  lot  1.  The  heaviest  feeding  of  cot- 
tonseed meal  occurred  in  lot  1  during  the  third  period,  when  an 
average  of  5.33  pounds  of  cottonseed  meal  was  given  each  animal 
daily. 
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The  feeding  continued  for  103  days,  yet  no  ill  results,  such  as  dizzi- 
ness, staggering,  or  blindness,  followed  the  use  of  the  cottonseed 
meal.  As  before  stated,  many  feeders,  on  accoimt  of  the  excessive 
use  of  cottonseed  meal,  are  not  able  to  feed  for  more  than  80  days. 

WEIGHTS  AND  GAINS. 

Although  the  daily  allowance  of  cottonseed  meal  was  maintained 
at  a  rather  small  amount,  the  cattle  made  satisfactory  gains.  At 
the  same  time  no  losses  were  sustained  as  a  result  of  feeding  meal 
too  liberally. 

Table  18. — Weights  and  gains. 
[Dec.  16, 1910,  to  Mar.  28, 1911.] 


Lot. 

Number 

of 
cattle. 

Ration. 

initial 

weight 

Doc.  10, 

1910. 

Final 
weight 
Mar.  26, 

1911. 

Total 
gain  of 

each 
animal. 

ATorage 
daily 

gain  of 
each 

animal. 

1  (shelter) 

2  (no  shelter) 

33 
34 

Gottonaoed  meal  and  oottonaeed 

hulls. 
do 

Pounds. 
578 

685 

Pounds. 
754 

757 

Pounds. 
176 

172 

Pounds. 
1.71 

1.67 

Each  animal  in  lot  1,  fed  under  shelter,  weighed  on  an  average  578 
pounds  at  the  beginning  and  754  pounds  at  the  close  of  the  test, 
making  a  total  gain  of  176  pounds,  or  an  average  daily  gain  of  1.71 
pounds.  It  is  seen  that  the  cattle  which  had  no  shelt'^.r  (lot  2)  also 
made  good  gains,  as  each  one  made  a  total  gain  of  172  pounds  during 
the  test,  or  an  average  daily  gain  of  1 .67  pounds.  As  far  as  gains  were 
concerned,  the  shelter  was  of  no  practical  value,  as  the  cattle  with 
shelter  made  an  average  total  gain  of  only  4  pounds  more  than  the 
ones  without  shelter. 

QUANTITY  AND  COST  OF  FEED  REQUIRED  TO  MAKE  zoo  POUNDS 

GAIN. 

Many  feeders  believe  that  a  fattening  animal  will  increase  in  weight 
during  the  winter  months  very  much  more  economically  when  he  is 
sheltered  than  when  he  is  forced  to  remain  out  in  the  open  weather. 
The  foUowing  table  shows  that  there  are,  at  least,  no  striking  results 
to  be  secured  from  the  employment  of  shelter  for  fattening  animals 
under  the  conditions  of  this  test: 

Table  19. — Quantity  and  cost  of  feed  required  to  make  100  pounds  of  gain. 

[Dov .  IG,  1910.  to  Mar.  28, 1911.] 


Lot. 


1  (shelter)... 

2  (no  shelter) . 


Ration. 


f  Cottonseed  meal 
I  Cottonseed  hulls 
[Cottonseed  meal 
[Cottonseed  hulls 


Feed  re- 
quired to 
make  100 
pounds  of 
gain. 


Pounds. 

288 
1,120 

292 
1,122 


Cost  to  make 

lOOpounds 

ofgain. 


17.06 
7.72 
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When  shelter  was  employed  Got  I)  it  required  288  pounds  of 
cottonseed  meal  and  1,120  pounds  of  hulls,  at  a  cost  of  $7.66,  to  make 
100  pounds  of  gain.  When  no  shelter  was  provided  Got  2)  the  same 
gains  were  made  with  292  pounds  of  meal  and  1,122  pounds  of  huUs, 
at  a  cost  of  $7.72.  In  other  words,  the  shelter  saved  6  cents  on  each 
100  pounds  of  gain  made. 

Sheds  or  bams  can  not  be  built  and  maintained  with  this  small 
saving.  Other  considerations,  however,  may  make  it  profitable  to 
employ  a  good  shelter  for  fattening  cattle.  For  instance,  when  it  is 
impossible  to  save  the  manure  in  any  other  way  it  is,  without  doubt, 
a  wise  thing  to  build  bams  or  sheds  for  conserving  it. 

PROFITS  ON  COTTONSEED  MEAL  AND  HULLS  AS  A  RESULT  OP 

PEEDING  THEM  TO  THE  CATTLE. 

In  this  test  the  cottonseed  meal  and  hulls  were  sold  by  means  of 
the  cattle  at  a  handsome  profit.  Furthermore,  the  fact  must  not  be 
overlooked  that  the  greater  part  of  the  fertilizer  value  of  these  feeds 
was  left  on  the  farm  after  they  had  passed  through  the  cattle.  The 
financial  statement  shows  that  with  lot  1  the  total  cost  of  the  meal 
and  hulls  was  $444.17,  and  there  remained  a  clear  profit  of  $227.15 
after  paying  all  expenses.  With  lot  2  the  result  was  even  better,  the 
feed  in  this  case  costing  $451.81  and  the  net  profit  being  $254.34. 

FINANCIAL  STATEMENT. 

This  mixed  bunch  of  cattle  was  bought  during  the  fall  of  1910  for 
an  average  price  of  $2.30  per  hundredweight.  When  they  were  ready 
to  be  shipped  they  were  driven  3  miles  to  the  railroad  at  Bellamy, 
AJa.,  and  sent  to  New  Orleans,  where  slaughter  data  and  sale  prices 
were  secured.  It  cost  40  cents  a  hundredweight  to  ship  them  to 
New  Orleans,  when  freight,  commission,  yardage,  weighing,  labor,  and 
feed  en  route  were  all  taken  into  consideration.  At  New  Orleans  the 
cattle  in  lot  1  sold  for  an  average  price  of  $5  per  hundredweight,  while 
those  in  lot  2  sold  for  an  average  price  of  $5.06  per  hundredweight. 

Financial  statement. 
Lot  1.  Shelter: 

By  sale  of  33  cattle,  24, 134  pounds,  at  $5  per  hundredweight $1, 206.  70 

To  33  cattle,  19,080  pounds,  at  $2.30  pdf  hundredweight $438.  84 

To  11,677  pounds  cottonseed  meal,  at  $26  per  ton 216.  80 

To  64,962  pounds  cottonseed  hulls,  at  $7  per  ton 227.  37 

To  shipping  expenses,  at  40  cents  per  hundredweight 96. 54 

Total  expense 979.  55 

Total  profit 227. 15 

Profit  per  animal 6.  88 
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Lot  2.  No  shelter. 

By  sale  of  34  cattle,  24,963  pounds,  at  $5.06  per  hundredweight $1, 26a  I3i 

To  34  cattle,  19,875  pounds,  at  |2.30  per  hundredweight $457. 13 

To  17,084  pounds  cottonseed  meal,  at  |26  per  ton 222. 09 

To  65,634  pounds  cottonseed  hulls,  at  $7  per  ton 229.  72 

To  shipping  expenses,  at  40  cents  per  hundredweight 99.  85 

Total  expense ; 1,008.79 

Total  profit 254.34 

Profit  per  animal 7.  48 

Each  animal  in  lot  1  returned  a  clear  profit  of  $6.88  above  all 
expenses,  while  each  animal  in  lot  2  returned  a  profit  of  $7.48. 
Therefore  the  animals  which  had  no  shelter  were  finally  more  profit- 
able than  those  which  were  provided  with  a  good  bam.  This  was 
due  to  the  fact  that  the  cattle  without  shelter  sold  for  a  little  higher 
price  at  New  Orleans  than  the  others. 

SUMMARY. 

Table  21. — Summary  statement. 


Averago  cost  of  cattle  in  lall  1910, 

per  niindredwf>ight. 
Ration  for  each  lot 

Average    initial    weight    of    each 

animal. 
Average  final  weight  of  each  animal. 
Average  total  gain  of  each  animal. . 
Number  of  days  on  feed 

Average  daily  gain 

Feed  to  make  100  i>oimds  of  gain . . . 

Cost  to  make  100  pounds  gain 

Selling  price  of  cattle  per  hundred- 
weight in  New  Orleans. 

Entire  cost  per  hundredweight  to 
^ip  them  to  New  Orleans. 

Total  profit  on  each  animal 


Lot  1  (shelter). 


12.30 

Cottonseed  meal  and  cottonseed 

hulls. 
578  pounds 

754  pounds 

176  i)ounds 

Dec.  16,  1910,  to  Mar.  28,  1911 

(103  days). 

1.71  pounds 

288  pounds  meal,  1,120  pounds 

hulls. 

$7.66 

$5.00 

$0.40 

$6.88 


Ix>t  2  (no  shelter). 


$2.30. 

Cottonseed  meal  and  cottonseed 

hulls. 
585  pounds. 

757  pounds. 
172  pounds. 
Dec  16»  1910,  to  Mar.  28,  1911 

(103  days). 
1.67  pounds. 
292  pounds  meal,  1,122  pounds 

$7.72. 
$5.06. 

$a40. 

$7.48. 


1.  The  cattle  (67  in  number)  used  in  the  test  were  a  mixed  lot  of 
steers,  heifers,  and  cows,  averaging  from  2  to  4  years  of  age.  As  the 
original  object  of  the  work  (not  reported,  however,  in  this  publican 
tion)  was  to  study  methods  of  making  and  saving  manure,  the  quality 
of  the  animals  was  somewhat  neglected. 

2.  The  object  of  the  experiment,  herein  reported,  was  to  study  the 
value,  if  any,  of  shelter  in  fattening  southern  beef  animals, 

3.  The  cattle  cost  on  the  average  $2.30  per  hundredweight. 

4.  The  test  was  inaugurated  December  16,  1910,  and  closed  March 
28,  1911,  a  period  of  103  days. 

5.  The  cattle  were  divided  into  2  lots,  one  without  shelter  and  one 
with  shelter.  Both  lots  were  fed  similar  rations  of  cottonseed  meal 
and  cottonseed  hulls. 

6.  At  the  beginning  of  the  test  the  average  weight  of  each  animal 
in  lots  1  and  2  was  678  and  585  pounds,  respectively. 
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7.  Each  animal  in  lots  1  and  2  made  an  average  total  gain  of  176 
and  172  pounds,  respectively. 

8.  In  lot  1,  where  shelter  was  employed,  it  required  288  pounds  of 
cottonseed  meal  and  1,120  pounds  of  hulls  to  make  100  pounds  of 
gain  in  live  weight,  while  in  lot  2,  where  no  shelter  was  used,  292 
pounds  of  meal  and  1,122  pounds  of  hulls  were  required  to  make 
the  same  gains. 

9.  It  cost  $7.66  and  S7.72  to  make  100  pounds  of  increase  in  live 
weight  in  lots  1  and  2,  respectively. 

10.  Shelter  saved  only  6  cents  on  each  100  pounds  of  gain  made. 

11.  A  clear  profit  of  $6.88  and  $7.48  was  made  on  each  animal  in 
lots  1  and  2,  respectively. 


IV.  EARLY  COMPARED  WITH  LATE  FATTENING  OF  STEERS 

ON  PASTURE. 


INTRODUCTION. 

The  fanner  who  fattens  cattle  on  pasture  is  often  undecided  as  to 
the  proper  time  to  sell.  The  cattle  may  be  sold  during  the  early 
summer  months,  after  being  fed  for  90  days,  or  they  may  be  carried 
throughout  the  whole  pasture  period  and  sold  late  in  the  fall  just 
before  the  pastures  are  exhausted.  The  feeder,  however,  is  familiar 
with  the  fact  that  fat  cattle  bring  better  prices  in  the  early  than  in 
the  late  summer  months.  Few  cattle  of  any  kind  are  oflfered  for  sale 
during  May,  June,  and  the  early  part  of  July,  so  that  if  fat  steers  are 
held  and  not  marketed  until  August  and  September  they  come  in 
competition  with  thousands  of  grass-fat  cattle.  This  large  supply  of 
grass  cattle  naturally  depresses  the  price's  of  all  classes.  However, 
gains  are  made  cheaply  during  the  pasture  season,  and  notwithstand- 
ing the  fact  that  cheaper  prices  obtain  late  in  the  summer,  the  feeder 
often  can  not  decide  whether  it  would  pay  better  to  rush  his  animals 
for  the  early  summer  market,  or  feed  a  small  supplementary  feed, 
thus  making  the  gains  cheaply  and  slowly,  and  sell  late  in  the 
sflmmer. 

In  order  to  assist  the  farmer  in  dealing  with  this  feeding  problem, 
the  experimental  work  hereinafter  described  was  undertaken.  When 
steers  are  bought  right,  fed  correctly,  and  sold  intelligently,  it  has 
been  previously  demonstrated  that  satisfactory  profits  can  be 
realized  when  they  are  fattened  on  pasture.*  The  present  test  was 
carried  out  with  the  object  of  studying  the  problem  as  to  whether  it 
is  more  profitable  to  begin  feeding  early  in  the  spring  and  feed  a 
rather  heavy  ration  of  cottonseed  cake  along  with  the  pasture  for  a 
short  time,  or  to  delay  the  inauguration  of  the  feeding  until  the 
pasture  grasses  are  well  started  in  the  spring  and  feed  a  light  ration  of 
cake  along  with  the  pasture  for  a  longer  period  of  time. 

PLAN  OF  THE  WORK. 

The  test,  extending  over  three  years,  was  carried  on  during  the 
pasture  seasons  of  1909,  1910,  and  1911.  The  cattle  in  each  case 
were  bought  the  previous  fall,  because  they  could  be  bought  much 

1  See  Bureau  of  Animal  Industry  Bulletin  131« 
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cheaper  in  the  fall  than  in  the  spring.  In  fact,  steers  in  this  section 
can  hardly  be  purchased  at  all  during  the  spring  months.  As  they 
were  not  to  be  fattened  until  the  following  summer,  it  was  necessary 
to  make  a  study  of  the  cheapest  and  best  methods  of  getting  them 
through  the  winter  months.  However,  this  part  of  the  test  is  not 
presented  here.  Some  results  of  wintering  steers  preparatory  to 
summer  fattenii^  may  be  seen  in  Part  II  of  this  bulletin,  and  in 
Bureau  of  Animal  Industry  Bulletin  131. 

When  the  grass  appeared  in  the  spring  the  winter  feeding  was  dis- 
continued, and  the  pasture  fattening  work  inaugurated.  The  feed- 
ing was  done  on  the  farm  of  Messrs.  Cobb  and  McMillan,  of  Sumter 
County,  Ala.  They  purchased  the  cattle  and  the  feed,  and  provided 
the  pastures,  which  were  divided  into  various  fields  in  order  to 
facilitate  the  work.  The  bureau  and  the  Alabama  Elxperiment 
Station  provided  a  trained  man  to  live  on  the  farm  and  have  personal 
supervision  of  the  tests.  Mr.  W.  F.  Ward,  one  of  the  authors  of  this 
publication,  was  stationed  on  the  farm. 

The  weight  of  each  steer  was  secured  at  the  beginning  and  end  of 
each  test,  and  the  total  weight  of  each  lot  was  noted  every  28  days. 
When  the  steers  were  sold  some  of  them  had  to  be  driven  9  miles  to 
the  shipping  point  at  Scooba,  Miss.,  while  others  were  driven  12 
nules  to  Epes^  Ala.,  for  loading. 

THE  CATTLE  AND  THE  PASTURE. 

As  far  as  possible  grade  Aberdeen-Angus,  Shorthorn,  Hereford, 
and  Red  PoUed  steers  were  employed ;  a  few  animals  had  a  pi^domi- 
nance  of  Jersey  and  scrub  breeding.  They  were  all  bought  of  farmers 
in  Sumter,  Wilcox,  Marengo,  and  neighboring  counties,  so  they  repre- 
sented fairly  accurately  the  average  cattle  of  the  western  part  of 
Alabama.  In  age  they  varied  from  2  to  4  years.  As  will  be  seen 
later,  the  average  weight  at  the  beginning  of  the  test  was  about 
640  pounds.  When  compared  with  northern  cattle  it  is  seen  that 
they  were  small,  but  they  were  as  large  as  the  averj^e  of  the  State. 

The  cattle  were  divided  into  two  lots,  one  early  and  one  late 
fattening,  in  each  of  the  three  years  during  which  the  experiment 
lasted.  The  early  fattening  lots  had  the  designation  lot  F  in  each 
year,  and  the  late  fattening  lots  were  called  lot  B.  There  were, 
therefore,  three  lots  F  and  three  lots  B. 

The  summer  pastures  used  in  these  experiments  consisted  of  a 
mixture  of  sweet  clover  (Melilotus),  Japan  clover  O^spedeza), 
Johnson  grass,  crab  grass,  and  some  Bermuda  grass.  The  sweet 
clover  became  available  for  grazing  about  April  1,  while  the  Japan 
clover  afforded  practically  no  grazing  until  June  15.  In  some  sec- 
tions of  the  country  sweet  clover  is  considered  a  pest,  as  stock  will 
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not  eat  it,  but  in  the  South,  or  at  least  in  Alabama,  all  kinds  of  stock 
eat  it  with  great  relish;  they  take  to  it  as  readily  as  to  alfalfa. 

The  pasture  was  divided  into  fields,  the  size  of  each  one  depending 
upon  the  number  of  cattle  grazed  upon  it,  and  also  upon  whether 
the  steers  were  to  be  fed  a  light  or  a  heavy  supplementary  feed. 
The  object  was  to  have  an  abundance  of  pasture  for  each  lot  of  cattle. 
The  early  fattening  lots  of  cattle  (lot  F)  were  turned  on  the  pasture 
at  a  very  early  date,  in  fact  before  the  grasses  had  become  thoroughly 
established.    The  exact  dates  will  be  given  later  on. 

The  cattle  were  fed  but  once  a  day.  This  was  done  about  sundown, 
so  that  they  would  all  come  out  to  the  troughs,  which  were  placed 
at  convenient  places  in  the  pastures.  No  feed  was  thrown  upon 
the  ground. 

No  shelter,  except  trees,  was  provided,  but  the  cattle  did  not  suflFer 
from  the  heat,  as  the  pastures  contained  plenty  of  good  shade  trees. 
When  a  summer  shade  is  provided  cattle  will  suffer  no  more  from 
heat  in  Alabama  than  they  will  in  Illinois  or  Iowa. 

While  there  were  ticks  in  the  pasture  the  cattle  were  not  permitted 
to  become  badly  infested  with  them;  a  dipping  vat  was  used  to  keep 
down  heavy  infestation.  In  the  three  years'  work,  during  which 
time  224  head  of  cattle  were  fattened,  only  one  or  two  cases  of  Texas 
fever  developed,  and  none  of  these  was  lost.  In  future  work  it  is 
expected  that  the  tick  will  be  entirely  eliminated. 

QUALITY  AND  PRICE  OF  FEEDS. 

The  cottonseed  cake  was  purchased  upon  the  market,  so  an  average 
market  price  was  taken  in  making  up  the  financial  statements. 
It  must  be  borne  in  mind,  however,  that  prices  vary  from  time  to 
time  and  from  place  to  place.  For  instance,  cottonseed  cake  is 
valued  at  $26  a  ton  in  this  publication,  but  at  the  present  writing 
(Dec.  20,  1911)  cake  can  be  purchased  for  $21  a  ton.  The  price 
mentioned  above,  $26  a  ton,  very  closely  approximates  the  avera^ 
price  for  the  years  1909,  1910,  and  1911.  The  pasture  is  valued  at 
50  cents  per  month  per  steer. 

The  cottonseed  cake  had  been  broken  into  nut  size  and  sacked. 
This  was  done  by  the  mill.  The  cake  can  be  purchased  in  the  lai^ 
cake  size,  just  as  it  comes  from  the  press,  for  about  $2  a  ton  less  than 
the  nut  size.  Some  feeders  find  that  it  pays  to  break  the  cake  on 
their  own  farms.  As  a  whole,  the  cake  was  of  excellent  quality. 
Poor  and  damaged  cake  was  fed  a  few  times,  when  the  good  mate- 
rial could  not  be  secured. 

DAILY  RATIONS. 

The  steers  in  lot  B  each  year  were  fed  longer  than  those  in  lot  F, 
the  object  being  to  start  lot  F  on  feed  a  few  weeks  before  lot  B,  and 
also  to  give  the  animals  a  heavier  supplementary  ration  of  cotton- 
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seed  cake.  This  plan  was  followed  out  except  in  1911.  The  spring 
of  that  year  was  an  unusually  dry  one,  and  as  a  result  the  pastures 
were  not  ready  for  grazing  as  early  as  usual,  consequently  the  lots 
were  started  on  feed  the  same  date  but  sold  at  different  times.  The 
steers  in  lot  B  were  started  on  feed  April  9  in  1909,  April  7  in  1910, 
and  April  21  in  1911.  Those  in  lot  F  were  started  on  feed  March 
19  in  1909,  March  25  in  1910,  and  April  21  in  1911.  The  cattle  in  the 
B  lot  were  sold  August  26  in  1909,  August  2  in  1910,  and  September 
8  in  1911.  Those  in  the  F  lot  were  sold  August  5  in  1909,  June  23  in 
1910,  and  August  27  in  1911.  Thus  the  steers  in  the  B  lot  were  fed 
an  average  of  137J  days,  while  those  in  the  F  lot  were  fed  an  average 
of  119}  days. 

The  pastures  upon  which  the  two  lots  of  cattle  grazed  were  not 
exactly  similar  throughout  the  whole  test,  as  those  in  the  F  lot  were 
started  at  an  earlier  date  (except  in  1911)  than  those  in  the  B  lot. 
As  a  matter  of  fact,  the  pastures  in  the  case  of  the  F  lot  were  of  very 
small  value  during  the  fh'st  two  or  three  weeks  of  the  tests ;  however, 
the  experiment  was  outlined  to  learn  whether  it  is  profitable  to  start 
steers  on  feed  during  the  very  early  spring  months.  On  account  of 
the  fact  that  the  pastures  were  short  at  this  early  date  the  cattle  of 
the  F  lot  were  started  on  a  rather  heavy  feed  of  cottonseed  cake. 

Table  22. — Daily  feed  of  cottonseed  cake  by  period-,  of  28  days. 


liOt  B  (long  feedtaig). 

Lot  F  (short  feeolng). 

Period. 

Apr.  9  to 

Apr.  7  to 

Aug.  2, 

1910. 

Apr.  21  to 

Sept.  8, 

1911. 

Mar.  19  to 

Aug.  5, 

1909. 

Mar.  25  to 

June  23, 

1910. 

Apr.  21  to 

Aug.  27, 

1911. 

First  28  days 

Pounds. 
2.35 
3.33 
3.54 
3.67 
3.83 
M.OO 

Pounds. 
2.21 
4.41 
3.80 
3.66 
«3.50 

Pounds. 
2.88 
3.76 
3.72 
3.76 
•3.76 

Pounds. 
3.24 
3.91 
4.82 
5.00 
6.00 

Pounds. 

3.27 

4.57 

5.00 

1 5. 00 

Pounds. 
3.40 

Second  28  dairs 

4.87 

Third  28  days 

4.97 

Fourth  28  days 

6.00 

Fifth  28  days 

45.00 

Sixth  28  days 

1  For  7  days. 
>  For  6  days. 


>  For  29  days. 
«  For  17  days. 


ft  For  14  days. 


It  is  seen  that  the  steers  in  the  B  lot  were  given  from  2.21  to  2.88 
pounds  of  cottonseed  cake  at  the  inauguration  of  the  tests,  while 
those  in  the  F  lot  ate  from  3.24  to  3.40  pounds  each  daily.  At  the 
close  of  the  tests  each  steer  in  the  B  lot  was  consuming  from  3.5 
pounds  to  4  pounds  of  cake,  while  those  in  the  F  lot  were  eating,  on 
the  average,  5  pounds  daily.  As  a  matter  of  fact  there  was  prac- 
tically no  difference  in  the  total  quantity  of  cake  fed  to  each  steer 
in  lots  B  and  F,  the  main  difference  being  that  the  steers  in  the  F  lot 
ate  their  amounts  of  feed  in  the  fewer  number  of  days. 

While,  to  many  feeders,  the  daily  feed  of  cottonseed  cake  seems 
small,  still  reasonably  g(X>d  gains  were  secured  when  the  size  of  the 
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cattle  is  considered.  The  steers  in  the  B  lot  averaged  practically 
600  pounds  in  weight  at  the  inauguration  of  the  tests,  and  an  averf^e 
daily  gain  of  1.87  pounds  was  secured.  Those  in  the  F  lot  were 
somewhat  laiger,  averaging  practically  690  pounds  in  weight,  and  an 
average  daily  gain  of  2.04  pounds  was  obtained.  Large  amounts  of 
cake  are  not  required  to  obtain  good  gains  when  the  cattle  are  grazing 
a  reasonably  good  pasture.  It  is  in  any  event  impracticable  to  feed 
a  heavy  ration  of  cake  along  with  pasture,  as  scours  develop  quickly 
when  cottonseed  cake  is  fed  too  freely.  Scours  occurred  in  fact  in  a 
few  cases  when  no  more  than  5  pounds  of  cake  was  fed  each  steer  daily. 
In  the  North  and  Northwest,  where  com  is  cheap,  it  is  practicable  and 
usually  profitable  to  supplement  the  pasture  with  a  daily  ration  of 
from  15  to  18  pounds  of  com  daily  for  each  steer,  but  there  is  no  feed 
in  the  South  cheap  enough  to  be  used  in  such  large  amounts. 

TOTAL  AND  DAILY  GAINS. 

Table  23  outlines  the  initial  and  final  weights  and  the  gains  of  each 
lot,  also  the  average  total  and  daily  gains  of  each  steer. 

Table  23. — Weights  and  gains  (summary  ofS  years). 


Lot 

Num- 
ber of 
steers. 

Days 
fed. 

Year. 

Ration. 

Initial 
weight 
of  lot 

Final 
weight 
of  lot 

Total 

gain  of 

lot. 

Average 
total 

gain  of 
each 
steer. 

Average 
daily, 
gain. 

F  (short  period).. 

35 

30 

I       25 

140 

91 

128 

1909 
1910 
1911 

Pastnre  and  cake 
do 

Pound*. 
25,321 
20,042 
16,522 

Pounds. 
34,919 
26,062 
22,808 

Pound*. 
0,596 
6,020 
6,286 

Pound*. 
274.2 
200.7 

257.4 

Pounds. 
1.06 
2.21 

do.... 

1.06 

8-year  average .... 

2.04 

f       75 

34 

I       25 

154 
119 
140 

1909 
1910 
1911 

Pasture  and  cake 
.....  do. .......... 

. 

B  (lonf  period)... 

47,916 
19,586 
14,123 

69,664 
27,514 
20,128 

21,748 
7,928 
6,006 

289.9 
233.2 
240.2 

1.88 
1.96 

do 

1.72 

3-year  average 

1.87 

These  cattle  were  from  2  to  4  years  old,  and  small  for  their  age.  It 
should  be  remembered,  however,  that  the  initial  weights  were  all 
taken  at  the  close  of  the  winter  months,  when  the  animals  were  in 
their  lightest  form.  The  steers  in  the  F  lot  averaged  723,  668,  and 
661  pounds  in  weight  at  the  inauguration  of  the  pasture  work  in  1909, 
1910,  and  1911,  respectively,  while  those  in  the  B  lot  averaged  639, 
576,  and  565  pounds,  respectively.  The  steers  in  the  F  lot,  the  short- 
fed  ones,  made  an  average  daily  gain  of  1.96,  2.21,  and  1.96  pounds  in 
1909,  1910,  and  1911,  respectively,  or  an  average  daily  gain  of  2.04 
pounds  for  the  three  years.  The  steers  in  the  B  lot,  the  long-fed 
cattle,  made  an  average  daily  gain  of  1.88,  1.96,  and  1.72  pounds  in 
1909,  1910,  and  1911,  respectively,  or  an  average  of  1.87  pounds  for 
the  three  years.  The  steers  in  the  F  lot  were  fed  a  heavier  ration  of 
cottonseed  cake  than  those  in  the  B  lot,  and  as  a  result  gained  more 


GOMPABISON   OP  EARLY  AND  LATE  FATTENING. 


53 


rapidly.     When  the  size  of  the  cattle  is  taken  into  account  it  is  seen 
that  the  gains  were  satisfactory. 

At  the  end  of  the  feeding  periods  the  steers  in  the  F  lot  had  attained 
an  average  weight  of  998, 869,  and  885  pounds  in  1909, 1910,  and  1911, 
respectively,  while  those  in  the  B  lot  were  somewhat  smaller.  For 
southern  cattle  they  were  of  good  size — ^larger  than  the  average — 
but  the  southern  markets  prefer  larger  carcasses  than  these  cattle 
produced,  and  will  pay  a  premium  for  the  large  steers. 

QUANTITY  AND  COST  OP  FEED  REQUIRED  TO  MAKE  zoo  POUNDS 

GAIN. 

Table  24  shows  the  number  of  pounds  of  feed  required  to  make  100 
pounds  of  gain  in  each  case,  the  cost  of  the  cottonseed  cake  to  make  the 
gains,  and  also  the  cost  to  make  the  increase  in  live  weight  when  both 
the  cake  and  the  pasture  are  charged  against  the  gains.  It  is  seen 
that  the  increase  in  live  weight  during  the  fattening  period  was  put 
on  at  a  profit;  that  is,  each  pound  added  to  the  weight  of  the  steers 
during  the  fattening  period  did  not  cost  as  much  as  it  could  be  sold 
for  on  the  market.  This  is  an  unusual  state  of  affairs  in  fattening 
cattle,  as  under  average  winter  conditions,  and  summer  conditions, 
also,  when  a  heavy  supplementary  grain  feed  is  given,  each  pound  of 
increase  during  the  fattening  period  is  made  at  a  loss. 

The  economical  gains  in  these  tests  were  mainly  due  to  two  factors: 
First,  the  daily  gains  were  satisfactory,  notwithstanding  the  fact  that 
only  a  small  amoimt  of  high-priced  feeds  was  consumed  by  each  steer; 
and,  second,  the  animals  were  grazing  a  pasture — the  cheapest  feed 
that  can  possibly  be  obtained  in  Alabama.  When  a  large  amount  of 
concentrated  feed  is  used  to  supplement  the  pasture  the  cost  of  the 
increase  in  weight  will  be  much  more  expensive  than  was  the  case  in 
these  experiments. 

Table  24. — Quantity  and  cost  of  feed  required  to  make  100  poundi  of  gain. 


Lot 


F  (aihart  period). 


B  (long  period). 


Number 

of 
steers. 


I 


35 
30 
25 


75 
34 
25 


Year. 


1900 
1910 
1911 


1900 
1910 
1911 


Ration. 


Pasture  and  cake. 
do 

....do ; 


3-year  average. 


Pasture  and  cake. 

....do 

....do 


3-year  average. 


Cottonseed 
cake  re- 
quired to 
make  100 
pounds  ol 
gain. 


Pounds, 
224 
197 
244 


220 


181 
176 
210 


185 


Cost  to  make  100 
pounds  of  gain. 


Cake. 


S2.91 
2.56 
3.17 


2.86 


2.35 
2.29 
2.73 


2.41 


Cake  and 
pasture. 


$3.76 
3.32 
4.02 


3.00 


3.24 
3.24 
3.70 


3.33 
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In  the  F  lot  it  is  seen  that  224,  197,  and  244  pounds  of  cottonseed 
cake  were  required  to  make  100  pounds  of  increase  in  live  weight  in 
the  years  1909,  1910,  and  1911,  respectively,  or,  averaging  the  three 
years,  220  pounds  of  cake  were  eaten  for  every  100  pounds  of  gain. 
In  the  B  lot  181,  176,  and  210  pounds  of  cake  were  fed  for  every  100 
pounds  of  gain  in  live  weight  in  1909,  1910,  and  1911,  respectively, 
or  an  average  for  the  three  years  of  185  pounds.  The  saving  of  cot- 
tonseed cake  in  favor  of  the  B  lot  was  due  to  the  fact  that  the  steers  in 
these  lots  wore  given  a  smaller  daily  allowance  than  those  in  the 
Flot. 

The  total  expense  in  the  F  lot  to  make  100  pounds  increase  in  live 
weight  when  the  pasture  and  cake  are  both'  chained  against  the  gains 
was  $3.76,  $3.32,  and  $4.02  in  1909,  1910,  and  1911,  respectively,  or 
an  average  of  $3.69  for  the  three  years.  The  total  cost  to  make  the 
same  gains  in  the  B  lot  was  $3.24,  $3.24,  and  $3.70  in  1909, 1910,  and 
1911,  respectively,  or  an  average  of  $3.33  for  the  three  years. 

FINANCIAL  STATEMENT. 

As  will  be  seen  in  the  table  below,  the  steers  were  purchased  at 
various  prices  at  the  beginning  of  the  tests.  They  cost  from  $2.95  to 
$3.50  per  hundredweight,  depending  upon  the  size  and  quality  of  the 
steers  and  the  year  in  which  they  were  purchased.  When  the  steers 
were  ready  for  sale  buyers  came  to  the  farm  and  purchased  them  on 
the  farm,  allowing  for  a  3  per  cent  shrink.  In  one  case  Got  B,  1909) 
they  were  sold  as  low  as  $3.90  per  hundredweight  on  the  farm;  in  no 
instance  did  they  sell  for  more  than  $4.50  per  hundredweight.  After 
being  sold  they  were  shipped  to  various  southern  markets.  Two  or 
three  loads  were  sent  to  Meridian,  Miss.,  some  were  sent  to  Atlanta, 
Ga.,  while  several  carloads  were  shipped  to  New  Orleans.  The  table 
below  shows,  among  other  things,  the  initial  cost  of  the  cattle  each 
year,  the  selling  price  each  year,  and  the  total  profit  on  each  animal. 

Table  26. — Financud  statement. 


Lot. 

Num- 
ber of 
stoers. 

f     35 
30 
25 

76 
34 
25 

Year. 

Ration. 

Initial 
price 
per 
hun- 
dred- 
weight. 

Initial 

cost  of 

each 

steer. 

Cost  of 
feed 

eaten 
by  each 

steer. 

Total 

cost  of 

each 

steer. 

Selling 
price 

hun- 
dred- 
weight. 

mwng 

price 

or  each 

steer. 

Pioflt 

on 

each 

steer. 

F  (short  fed). 

1900 
1910 
1911 

1909 
1910 
1911 

Pasture  and  cake. 

do •. . 

do 

3-year  aver- 
age  

Pasture  and  cake. 

do 

do 

3-year  aver- 
ago 

13.20 
3.20 
3.50 

123.15 
21,38 
23.13 

siass 

6.64 
9.98 

$33.48 
28.02 
33.01 

$4,375 
4.60 
4.50 

$41.73 
37.92 
39.82 

$&26 
0.90 
6.81 

3.28-1- 

22.56 

0.08 

31.63 

4.46+ 

39.98 

8.30 

B  (long  fed).. 

2.95 
2.95 
3.50 

18.85 
16.99 
19.  n 

9.38 
7.33 
8.89 

28.23 
24.32 
28.66 

3.90 
4.60 
4.60 

35.14 
35.32 
35.14 

6.91 

n.oo 

6.48 

3.05-1- 

17.80 

a  91 

27.46 

4.16+ 

36l19 

7.78 
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It  is  seen  that  excellent  profits  were  made  in  all  the  tests.  In 
the  F  lot  clear  profits  of  $8.25,  $9.90,  and  $6.81  were  made  on  each 
steer  in  1909,  1910,  and  1911,  respectively;  an  average  profit  of  $8.30 
was  made  on  each  animal.  In  the  B  lot  clear  profits  of  $6.91, 
$11,  and  $6.48  were  made  in  1909,  1910,  and  1911,  respectively.  In 
these  lots  an  average  profit  of  $7.73  was  secured  on  each  steer;  or, 
those  cattle  which  were  started  on  feed  early,  fed  a  heavy  ration  of 
cake  along  with  the  pasture,  and  marketed  early  in  the  summer 
months,  retimied  a  slightly  greater  total  profit — ^$0.57  each — ^than 
the  ones  which  were  started  on  feed  later  and  finished  for  the  market 
at  a  late  date.  This  is  not  a  marked  difference,  however,  in  favor  of 
the  early  method  of  feeding.  The  greatest  advantage  in  favor  of 
the  early  method  of  fattening  cattle  during  the  smnmer  months  is 
one  that  does  not  appear  in  a  test  of  this  kind.  When  the  steers  are 
disposed  of  at  an  early  date  the  pastures  can  be  grazed  by  a  second 
bunch  of  cattle,  or  the  grass  has  an  opportunity  to  make  an  extra 
growth  before  cold  weather  sets  in,  thus  affording  extra  feed  for  the 
winter  months.  With  many  farmers  late  pastures  are  of  great  value 
in  saving  winter  feeds. 

SUMMARY. 

Table  27. — Summary  of  averages. 


Average  pounds  of  cottonseed  cake  eaten  by  each  steer  daily  in  1909 

Average  pounds  of  cottonseed  cake  eaten  by  each  steer  dally  in  1910 

Average  pounds  of  cottonseed  cake  eaten  by  each  steer  daily  in  1911 

Average  daily  gains  for  three  years 

Average  number  of  jpounds  of  cottonseed  cake  to  make  100  poimds  of  gain 

Average  cost  of  cottonseed  cake  to  make  100  pounds  of  gain 

Average  total  cost  to  make  100  pounds  of  gain  ( both  pasture  and  cake  included) 

Average  initial  cost  of  steers  per  hundredweight 

Average  selling  price  of  steers  per  hundredweight 

Average  profit  on  each  steer 


Lots 

Lotr 

(long  fed). 

(short  fed). 

PowndM. 

Powndi. 

3.40 

4.39 

3.45 

4.33 

3.60 

4.66 

1.87 

2.04 

186 

220 

DoUan. 

DoPars. 

Z41 

2.86 

3.33 

3.69 

3.05+ 

3.28+ 

4.16+ 

4.45+ 

7.73 

&30 

1.  The  object  of  this  part  of  the  work  was  to  determine  whether 
it  is  more  profitable  to  feed  steers  a  short  or  a  long  period  of  time 
when  they  are  being  fattened  on  pasture. 

2.  Grade  Aberdeen-Angus,  Shorthorn,  Hereford,  and  Red  Polled 
steers,  with  a  few  commoner  ones,  were  used.  They  were  bought 
in  Sumter  and  neighboring  counties  and  represented  fairly  accurately 
the  average  cattle  of  the  western  part  of  Alabama. 

3.  The  steers  were  fed  on  pasture  and  cottonseed  cake  during 
the  following  periods  of  time: 

Lot  B  Oong  fed):  1909,  Apr.  9  to  Aug.  26;  1910,  Apr.  7  to  Aug. 
2;  1911,  Apr.  21  to  Sept.  8.  Lot  F  (short  fed):  1909,  Mar.  19  to 
Aug.  5;  1910,  Mar.  25  to  June  23;  1911,  Apr.  21  to  Aug.  27. 
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4.  The  following  average  daily  feeds  of  cake  were  given: 

Lot  B  Oongfed):  1909,  3.40  pounds;  1910,  3,45  pounds;  1911, 
3.60  pounds.  Lot  F  (short  fed):  1909,  4.39  pounds;  1910,  4.33 
pounds;  1911,  4.66  pounds. 

5.  The  steers  in  the  B  lot  made  a  daily  average  gain  of  1 .87  pounds, 
while  thosQ  in  the  F  lot  gained  at  the  rate  of  2.04  pounds  each  day. 

6.  There  were  required  185  pounds  of  cottonseed  cake  to  make 
100  pounds  of  gain  in  the  B  lot,  while  220  pounds  of  cake  were  eat^i 
in  the  F  lot  to  make  the  same  gain. 

7.  Wlien  the  pasture  and  cake  are  both  charged  against  the  gains, 
it  cost  $3.33  and  $3.69  to  make  100  pounds  of  gain  in  the  B  and  F  lots, 
respectively. 

8.  The  steers  in  the  B  lot  cost  on  an  average  $3.05+  per  himdred- 
weight  at  the  beginning  of  the  tests;  they  sold  for  $4.16+  per  hun- 
dredweight at  the  close.  The  steers  in  the  F  lot  cost  $3.28+  per 
hundredweight  and  sold  for  $4.45+  per  hundredweight. 

9.  Clear  average  profits  of  $7.73  per  steer  in  the  B  lot  and  $8.30 
per  steer  in  the  F  lot  were  made. 

10.  An  additional  advantage  in  selling  the  cattle  early  is  that  the 
pastures  have  an  opportunity  to  make  an  extra  growth  after  the 
cattle  are  taken  off,  thus  providing  feed  for  the  early  winter  months. 
In  fact,  this  is  probably  the  chief  advantage  to  be  secured  in  selling 
cattle  at  an  early  date. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depabtment  of  Agriculture, 

BXTREAU  OP  ANIBiAL  INDUSTRY, 

Washington,  D.  C,  September  7, 191S. 

Sir:  I  have  the  honor  to  transmit  for  publication  as  a  bulletin  of 
this  bureau  the  accompanying  manuscript  entitled  ''The  Care  of  the 
Farm  E^,"  by  Messrs.  Harry  M.  Lamon  and  Charles  L.  Opperman 
of  the  Animal  Husbandry  Division  of  this  bureau.  The  work 
described  is  a  continuation  of  the  investigations  into  the  egg  trade 
which  has  been  under  way  for  several  years. 

In  1908  a  careful  survey  of  the  conditions  surrounding  the  trade 
was  made,  and  the  results  were  published  as  Circxilor  140,  "The  Egg 
Trade  of  the  United  States,"  wherein  it  was  shown  that  there  was  a 
very  heavy  loss  in  the  egg  output,  nearly  all  of  which  was  attributed 
to  improper  methods  of  handling  on  the  farm  and  at  the  country 
store.  TTtu3  loss  was  estimated  to  be  fully  17  per  cent  of  the  total 
value,  or  $45,000,000  per  annum. 

In  1911  Bulletin  141,  ''The  Improvement  of  the  Farm  Egg,"  was 
issued,  one  of  the  main  objects  of  which  was  to  emphasize  the  impor- 
tance of  the  "loss-off"  or  quality  system  of  trading  in  eggs.  The 
present  paper  is  supplemental  to  Bulletin  141  and  makes  a  special 
feature  of  the  value  of  producing  infertile  rather  than  fertile  eggs. 

Respectfully, 

A,  D.  Melvin, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 


INTRODUCTORY  NOTE. 


The  egg  investigations  of  1910,  which  brought  about  the  inaugura- 
tion of  the  '4oss-oflF''  or  quality  system  of  buying  eggs  in  Kansas, 
resulted  in  marked  improvement  in  the  quaUty  of  the  eggs  marketed 
from  that  State.  The  work  of  1911  was  devoted  to  keeping  up  the 
interest  in  the  movement  and  to  the  study  of  the  effect  of  farm  condi- 
tions on  the  keeping  quality  of  eggs,  the  results  of  which  are  pre- 
sented herewith.  The  1910  work  emphasizes  the  effectiveness  of 
organization  as  a  means  to  improve  the  egg  output  of  a  community; 
the  work  of  1911  shows  how  the  farmer  may  assure  himself  of  maxi- 
mum returns  for  his  eggs  by  taking  proper  care  of  them  and  by 
proper  management  of  his  flock. 

While  the  1911  work  was  not,  as  some  claim,  a  **  discovery"  of  the 
superior  keeping  quahty  of  the  infertile  egg,  the  authors  deserve  the 
credit  for  focusing  public  attention  on  the  fact.  Of  the  loss  of 
$45,000,000  or  more  in  the  annual  value  of  our  egg  crop,  due  to  poor 
quality,  at  least  one-third,  or  $15,000,000,  is  due  to  ''blood  rings." 
A  blood  ring  is  caused  by  the  development  of  the  embryo  of  a  fertile 
^g  subjected  to  heat  and  its  subsequent  death.  No  embryo  can 
develop  in  an  infertile  egg,  no  matter  how  long  it  may  be  subjected 
to  heat,  because  it  is  not  fertile.  Therefore  a  blood  ring  is  impossible 
in  the  infertile  egg;  and  by  the  removal  of  male  birds  from  the  flock 
as  soon  as  the  hatching  season  is  over,  and  the  segregation  of  young 
cockerels,  no  loss  from  blood  rings  will  be  experienced. 

Unless  cooled  at  once  and  kept  cool,  a  fertile  egg  will  spoil  in  hot 
weather  almost  as  quickly  as  raw  milk,  and  the  purchaser  of  fertile 
eggA,  even  on  the  ''loss-off"  basis,  whether  he  be  the  country-store 
merchant,  the  packer,  or  the  consumer,  has  no  assiurance  whatever 
against  more  or  less  loss.  An  infertile  egg  will  keep ;  a  fertile  one 
will  not.  It  therefore  does  not  require  a  great  stretch  of  the  imagi- 
nation to  realize  what  effect  the  country-wide  production  of  infertile 
eggs  would  have  on  our  food  supply. 

Some  of  the  loss  due  to  ''rots"  and  "spots,"  as  shown  in  this 
bulletin,  is  caused  by  contamination  in  the  nest  and  is  largely,  if  not 
entirely,  preventable.  Both  fertile  and  infertile  eggs  may  be  dam- 
aged in  this  way,  although  infertile  eggs  are  less  susceptible  than 

fertile  ones. 
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The  propaganda  work  in  Kansas  has  now  been  turned  over  to  the 
Kansas  State  Agricultural  College  and  Experiment  Station  at  Man- 
hattan, and  the  Animal  Husbandry  Division  is  now  concentrating 
its  efforts  on  the  spread  of  the  good-egg  movement  to  other  States, 
oi^anizations  haying  been  effected  abeady  in  Michigan  and  Minnesota. 
I  jBrmly  believe  that  if  the  egg-producing  States  generally  will  take 
up  the  matter  of  buying  on  a  quality  basis  and  the  farmers  are  shown 
how  to  care  for  their  eggs  properly,  especially  to  sell  only  infertile  eggs 
during  the  summer  months,  the  housewife  will  soon  be  able  to  ob- 
serve a  decided  improvement  in  the  quaKty  of  the  eggs  which  she 
buys  without  having  paid  more  for  them  than  formerly.  The 
means  to  improve  the  quality  of  the  farm  egg  are  so  simple  and 
inexpensive  that  anyone  who  keeps  a  flock  of  chickens  should  be 
able  to  apply  them.  In  this  connection  the  reader's  attention  is 
particularly  directed  to  the  five  rules  at  the  close  of  the  bulletin. 

In  the  investigations  discussed  in  this  bulletin  the  authors  received 
a  great  deal  of  assistance  from  citizens  of  Kansas  and  from  State 
officials,  which  has  been  greatly  appreciated.  Mr.  Alfred  R.  Lee,  of 
this  division,  also  assisted  part  of  the  time  in  the  investigation. 

George  M.  Rommel, 
Chief  of  the  Animal  Husbandry  Division. 
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THE  CARE  OF  THE  FARM  EGG. 


INTRODUCTION. 

Since  the  poultry  and  egg  industry  of  this  country  has  assumed 
the  enormous  proportions  indicated  by  the  two  last  national  cen- 
suses, 1900  and  1910,  there  has  been  a  demand  for  and  a  growing  inter- 
est in  improved  conditions  and'  a  need  for  a  broader  knowledge  of 
the  underlying  principles  of  the  industry.  The  State  agricultural 
colleges  and  experiment  stations  have  established  departments  of 
poultry  husbandry  for  both  teaching  and  research  work.  The 
experimental  departments  have  given  their  attention  to  the  various 
questions  involved  in  the  housing,  feeding,  breeding,  and  general 
management  of  poultry,  while  the  instruction  departments  have 
built  up  practical  coiu^es  in  this  branch  of  animal  husbandry  and 
have  also  assisted  in  disseminating  the  knowledge  gained  from  the 
results  of  experimental  work.  Thus  on  every  hand  we  can  see  an 
interest  being  manifested  in  improving  the  conditions  in  all  branches 
of  poultry  work. 

One  of  the  most  important  of  these  is  the  production  and  market- 
ing of  eggs.  Every  year  there  is  a  loss  of  millions  of  dollars  in  bad 
^gs,  the  direct  result  of  haphazard  methods  of  production,  market- 
ing,  and  shipping  which  are  now  in  vogue  in  many  States.  The 
greatest  part  of  this  loss  is  due  mainly  to  ignorance  or  indifference 
on  the  part  of  the  farmer  and  producer,  and  only  a  small  part  is 
caused  by  carelessness  on  the  part  of  the  buyer  and  shipper.  In 
many  instances  the  buyer  is  indirectly  responsible,  for  when  he  buys 
eggs  by  the  case-count  system,  as  many  of  them  do,  he  is  encouraging 
the  producer  to  be  careless. in  gathering  and  marketing  the  e^s, 
since  he  pays  him  for  anything  that  has  an  intact  shell.  The  con- 
scientious producer,  however,  will  not  try  to  shield  himself  under 
this  pernicious  system,  so  it  is  very  much  to  his  advantage  to  aid  in 
the  improvement  of  the  commercial  egg.  He  may  not  receive  any 
extra  compensation  at  the  very  start,  but  just  as  surely  as  he  makes 
an  organized  effort  to  furnish  the  trade  with  strictly  fresh  eggs  so 
surely  will  the  competition  in  trade  make  it  possible  for  him  to 
dispose  of  his  superior  product  at  an  increased  profit. 

It  was  with  the  view  of  determining  the  causes  of  the  enormous 
loss  in  eggs,  and  if  possible  working  out  methods  for  its  elimination, 
that  the  Department  of  Agriculture,  through  the  Bureau  of  Animal 
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Industry,  undertook  a  thorough  investigation  of  the  problem.  Two 
publications,*  one  giving  a  bird's-eye  view  of  the  situation  in  several 
States  and  the  other  dealing  specifically  with  the  conditions  in  the 
State  of  Kansas,  have  already  been  issued.  It  was  the  knowledge 
gained  through  this  general  survey  of  conditions  that  suggested  the 
imdertaking  of  the  experimental  egg  work  set  forth  in  the  present 
paper. 

THE  GRADING  OF  EGGS. 

Where  eggs  are  handled  in  large  quantities  thei^  are  certain  grades 
by  which  they  are  sorted  and  either  retained  for  market  purposes  or 
rejected  as  useless.  A  brief  description  of  these  grades  and  the 
characteristics  by  which  they  are  detected  is  given  below. 

Fresh  egg, — ^An  egg  to  be  accepted  as  a  first,  or  fresh  egg,  must  be 
newly  laid,  clean,  of  normal  size,  showing  a  very  small  air  cell,  and 
must  have  a  strong,  smooth  shell,  of  even  color  and  free  from  cracks. 
With  the  exception  of  the  air  cell,  which  is  only  visible  through  the 
aid  of  the  candle,  these  are  the  points  by  which  eggs  are  graded  in 
the  early  spring,  at  which  time  they  are  quite  uniform  in  quality, 
thereby  making  candling  unnecessary. 

Checks, — ^This  term  applies  to  eggs  which  are  cracked  but  not 
leaking. 

Leakers, — As  indicated  by  the  name,  this  term  applies  to  eggs 
which  have  lost  a  part  of  their  contents. 

Seconds. — ^The  term  "seconds"  applies  to  eggs  which  have  dete- 
riorated to  a  sufficient  extent  as  to  be  rejected  as  firsts.  They  are, 
however,  of  a  high  enough  quality  to  be  used  for  human  consump- 
tion. The  several  classes  of  eggs  which  go  to  make  up  this  grade 
may  be  defined  as  follows: 

(a)  Heated  egg:  One  in  which  the  embryo  has  proceeded  to  a 
point  corresponding  to  about  18  to  24  hours  of  normal  incubation. 
(See  PL  III,  fig.  3.)  In  the  infertile  egg  this  condition  can  be  recog- 
nized by  the  increased  color  of  the  yolk;  when  held  before  the  candle 
it  will  appear  heavy  and  slightly  darker  than  in  the  fertile  egg. 

(6)  Shrunken  egg:  This  class  of  seconds  can  be  easily  distinguished 
by  the  size  of  the  air  cell.  It  may  occupy  from  one-fifth  to  one-third 
of  the  space  inside  the  shell.  The  holding  of  eggs  for  a  sufficient 
length  of  time  to  allow  a  portion  of  the  contents  to  evaporate  is  the 
main  cause  of  this  condition. 

(c)  Small  egg:  Any  egg  that  wiD  detract  from  the  appearance  of 
normal  eggs  on  account  of  its  small  size  will  come  under  this  class, 
although  it  may  be  a  new-laid  egg. 

X  Hastings,  Milo  M.  The  egg  trade  of  the  United  States.  Bureau  of  Animal  Industry  Circular  140. 
Washington,  1909. 

Lamon,  Harry  M.,  and  Opperman,  Charles  L.  The  improvement  of  the  farm  egg.  Bureau  of  Animal 
Industry  Bulletin  141.    Washington,  1911. 
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(d)  Dirty  egg:  Fresh  eggs  which  have  been  soiled  with  earth, 
droppings,  or  egg  contents,  or  badly  stained  by  coming  in  contact 
with  wet  straw,  hay,  etc.,  are  classed  as  seconds. 

(e)  Watery  egg:  Those  in  which  the  inner  membrane  of  the  air  cell 
is  ruptured,  allowing  the  air  to  escape  into  the  contents  of  the  egg, 
and  thereby  giving  a  watery  or  frothy  appearance. 

(f)  Presence  of  foreign  matter  in  eggs:  In  Plate  III,  figure  2,  is 
given  an  excellent  illustration  of  this  class  of  eggs.  The  small  dark 
streak  across  the  yolk  is  a  clot  of  blood.  This  condition  is  found  in 
many  fresh-laid  eggs.  Often  eggs  are  laid  which  show  small  clots 
about  the  size  of  a  pea.  These  are  sometimes  termed  ''liver"  or 
''meat"  spots. 

(g)  Badly  misshapen  eggs:  Eggs  which  are  extremely  long  or  very 
flat,  or  in  which  part  of  the  shell's  siu^ace  is  raised  in  the  form  of  a 
ring;  in  other  instances  a  number  of  hard  wart-like  growths  appear 
on  the  outside  of  the  shell. 

Spots. — Eggs  in  which  bacteria  or  mold  growth  has  developed 
locally  and  caused  the  formation  of  a  lumpy  adhesion  on  the  inside 
of  the  shell.  There  are  three  weU-recognized  classes  of  mold  spots, 
namely,  white,  brown,  and  black.  In  cases  where  an  infertile  egg 
has  been  subjected  to  natural  heat  for  a  sufficient  period  of  time,  the 
yolk  will  often  settle  and  become  fixed  to  the  membrane.  This  con- 
dition might  be  termed  a  *' plain  spot."  In  Plate  VI,  figures  3  and 
4,  are  shown  typical  specimens  of  black  mold  and  plain  spot  eggs. 

Blood  rings. — Eggs  in  which  the  embryo  has  developed  to  a  suffi- 
cient extent  so  that  it  is  quickly  recognized  wlien  held  before  the 
candle.  It  has  been  found  that  it  requires  between  24  and  36  hours 
of  incubation  under  a  sitting  hen  to  produce  this  condition.  Good 
illustrations  of  these  conditions  are  shown  in  Plate  IV,  figures  1  and 
3,  and  in  Plate  V,  figure  1 . 

Bots. — Eggs  which  are  absolutely  unfit  for  food.  The  different 
classes  of  rots  may  be  defined  as  follows : 

(a)  Black  rot:  This  is  the  easiest  class  of  rots  to  recognize  and 
consequently  the  best  known.  When  the  egg  is  held  before  the  can- 
dle, the  contents  have  a  blackish  appearance,  and  in  most  cases  the 
air  cell  is  very  prominent.  The  formation  of  hydrogen-sulphid  gas 
in  the  egg  causes  the  contents  to  blacken  and  gives  rise  to  the  char- 
acteristic rotten-egg  smeU,  and  sometimes  causes  the  egg  to  explode. 

(6)  White  rot:  These  eggs  have  a  characteristic  sour  smell.  The 
contents  become  watery,  the  yolk  and  white  mixed,  and  the  whole 
egg  offensive  to  both  the  sight  and  the  smell.  It  is  also  known  as 
the  "mixed  rot." 

(c)  Spot  rot:  In  this  case  the  foreign  growth  has  not  contaminated 
the  entire  egg,  but  has  remained  near  the  point  of  entrance.  Such 
eggs  are  readily  picked  out  with  the  candle,  and  when  broken  show 
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lumpy  particles  adhering  to  the  inside  of  the  shell.  These  lumps 
are  of  various  colors  and  appearances.  It  is  probable  that  spot 
rots  are  caused  as  much  by  mold  as  by  bacteria,  but  for  practical 
piuposes  the  distinction  is  unnecessary. 

To  all  intents  and  purposes  the  spot  rot  as  explained  above  is 
practically  the  same  as  the  brown  and  black  spots  described  under 
the  general  head  of  *' Spots."  The  spot  rot  is  also  placed  under  the 
general  head  of  rots  simply  because  some  candlers  will  call  it  a  spot, 
while  others  designate  it  as  spot  rot.  Pink  and  blood  rots  are  names 
which  are  also  appUed  to  certain  classes  of  rotten  eggs,  the  pink  rot 
deriving  its  name  from  the  peculiar  pinkish  color  of  the  contents 
when  held  before  the  candle.  The  same  thing  is  true  of  the  blood 
rot,  which  is  bloody  or  red  in  appearance. 

MBTHODS  USED  m  CONDUCTING  THE  EXPERIMENTS. 

The  plan  of  the  work  was  to  determine,  in  so  far  as  could  be  shown 
by  the  candle,  what  deterioration  took  place  in  eggs  when  retained 
under  actual  conditions  on  the  farms,  in  the  coimtry  store,  and 
during  transportation.  In  choosing  the  field  for  the  work  careful 
consideration  was  given  to  the  following  points:  A  State  where  the 
production  and  marketing  of  eggs  was  an  important  factor,  a  location 
in  that  State  where  the  cooperation  of  several  farmers  could  be 
secured,  and  a  town  that  was  far  enough  from  a  central  coUectiog 
point  (or  packing  house)  so  that  the  effect  of  typical  transportation 
conditions  could  be  observed. 

The  eggs  used  in  the  various  experiments  were  collected  at  a  stated 
time  each  day  from  several  farms  and  started  in  the  experiment 
within  an  hour  or  two  thereafter.  Every  egg  was  supposed  to  be 
absolutely  fresh  when  entered  in  the  experiments,  and  in  aJl  about 
10,000  eggs  were  used  during  the  season's  work. 

The  six  following  classes  of  eggs  were  used:  Clean  fertile,  dirty 
fertile,  washed  fertile,  clean  infertile,  dirty  infertile,  and  washed 
infertile. 

Clean  fertile  eggs  were  normal  fresh  eggs  produced  by  the  farm 
flocks,  on  free  range,  with  several  mature  male  birds  present  during 
the  entire  season.  Dirty  fertile  eggs  were  fresh  eggs  from  the  same 
flocks^  but  which  before  entering  the  experiments  were  artificially 
dirtied  with  barnyard  mud  to  conform  as  nearly  as  possible  with  the 
natural  dirty  egg.  Washed  fertile  eggs  were  fresh  eggs  from  the 
above  flocks  which  were  thoroughly  washed  previous  to  being  put  in 
the  experiments.  In  washing  the  eggs  they  were  allowed  to  remain 
in  a  basin  of  water  for  a  few  moments  and  then  well  rubbed  with  an 
ordinary  wash  cloth  and  immediately  dried  with  a  towel.  It  is  the 
general  opinion  that  washed  eggs  do  not  keep  as  well  as  unwashed, 
and  it  was  to  determine  this  point  that  these  eggs  were  used. 
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The  three  classes  of  infertile  eggs  used  were  identical  with  the  fer- 
tile eggs,  with  the  exception  of  being  produced  by  flocks  where  the 
male  birds  were  removed  three  weeks  previous  to  using  the  eggs. 
It  will  be  noted  from  the  tables  on  the  succeeding  pages  that  experi- 
mental work  with  infertile  eggs  did  not  begin  until  after  the  1st  of 
June.  This  is  due  to  the  fact  that  under  most  farm  conditions 
it  would  be  impracticable  to  attempt  to  produce  infertile  eggs  during 
the  earlier  spring  months,  as  this  is  the  season  when  the  hatching 
and  rearing  of  the  coming  year's  flock  must  be  attended  to. 

Every  egg  used  was  dated,  which  made  it  possible  to  secure  a 
complete  history  of  the  egg  from  the  time  it  was  produced  until 
it  reached  its  final  destination.  This  method  of  dating  made  each 
day's  eggs  in  a  given  experiment  a  time  experiment  also.  For 
example:  A  seven-day  experiment  having  a  given  number  of  fresh 
eggs  added  each  day,  and  these  being  dated,  we  obtained  the  influence 
of  a  certain  environment  for  one,  two,  three,  four,  five,  six,  and 
seven  days. 

In  Plate  I,  figures  1  and  2,  is  given  a  photographic  reproduction 
of  the  thermographs  used  in  connection  with  the  work.  The  machine 
shown  in  figure  1  was  located  at  the  farm  where  the  bulk  of  the  work 
was  carried  on  and  used  for  recording  the  different  temperatures  and 
humidity.  In  figure  3  is  a  view  of  the  apparatus  in  actual  operation, 
the  thermograph  being  inclosed  in  the  box.  The  oilcloth  covering 
was  used  to  prevent  the  rain  from  entering  the  box  and  also  to 
divert  the  direct  rays  of  the  sun.  It  was  so  arranged,  however, 
that  free  circulation  of  air  was  not  interfered  with.  A  machiae 
similar  to  that  shown  in  figure  1  was  used  in  the  rooms  of  the  dwelling 
house  where  certain  experiments  were  conducted.  The  machine 
shown  in  figure  2  is  constructed  to  record  temperature  only.  It 
accompanied  each  shipment  of  eggs  from  the  time  it  arrived  at  the 
country  store,  and  while  on  the  train,  thereby  furnishing  a  complete 
chain  of  temperature  records  for  the  experiments  from  the  time  the 
eggs  were  produced  until  they  reached  the  packing  house. 

When  the  experiments  were  completed  at  the  farm,  which  was  in 
most  cases  seven  days,  the  eggs  were  packed  iu  ordinary  30-dozen 
cases,  care  being  exercised  to  see  that  each  experiment  was  kept 
separate.  The  transportation  to  town  was  by  means  of  a  team  and 
buggy.  After  arriving  in  town,  the  eggs  were  candled  immediately 
and  an  individual  record  made  of  the  condition  of  each  egg.  This 
first  candling  represents  the  deterioration  which  occurred  on  the 
farm.  The  eggs  were  then  repacked  and  held  under  typical  country- 
store  conditions  for  from  24  to  48  hours.  The  next  operation 
was  recandling,  a  similar  record  being  made  as  above,  showing  the 
deterioration  which  took  place  while  being  held  in  the  country  store. 
They  were  then  repacked  and  placed  in  an  open  stock  car  (the  style 
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of  car  used  in  that  locality  for  shipping  eggs  and  poultry)  where  they 
remained  for  about  12  hours  before  starting  on  their  journey  to  the 
packing  house,  by  local  freight,  a  distance  of  78  miles,  requiring  about 
10  hours  for  the  journey.  The  reason  for  placing  the  eggs  in  the  car 
12  hours  preyious  to  starting  was  due  to  the  fact  that  the  car  was 
shipped  early  in  the  morning  and  it  was  often  impossible  for  the 
merchants  and  local  shippers  to  deliver  the  eggs  at  such  an  early  hour. 

After  reaching  the  packing  house  the  eggs  were  removed  from  the 
car  in  accordance  with  the  usual  custom  and  again  candled.  This 
third  and  last  candling  gave  the  deterioration  which  occurred 
during  railroad  transportation.  The  experiment,  in  so  far  as  this 
paper  is  concerned,  was  then  complete.  The  above  methods  of 
procedure  were  practically  identical  for  all  the  experiments  made 
diuring  the  entire  season,  and  unless  some  special  deviation  occurred, 
no  further  mention  will  be  made  of  them. 

A  sample  candling  report  is  here  presented: 

First  town  (xmdling  report.    Date,  Juru  5, 1911, 


Date  laid 

Junel. 

June  2. 

June  3. 

June  4. 

June  5. 

June  6. 

% 

June  7. 

Total. 

Firsts 

3 

1 

2 
2 
1 

3 
2 

3 

1 
1 

4 
1 

5 

5 

25 

floconds 

7 

Cracked 

2 

Tjeakers 

SDOtS 

1 

1 

Blood  rings 

Rots 

Total 

6 

5 

5 

5 

5 

5 

5 

35 

Second  town  candling  report.    Datey  June  10 ^  1911. 


Firsts 

1 
3 

1 
3 
1 

2 
3 

2 
2 
1 

3  ' 
2 

4 
1 

4 
1 

17 

Seconds 

15 

Cracked       

2 

Leakers 

Snots 

1 

::::::::::::::::::::: 

1 

Blood  rtnes    

Rots 

Total 

5 

• 

5 

5 

5 

5 

5 

5 

35 

Final  candling  report  at  packing  house.    Date,  June  1£,  1911. 


Firsts 

1 
4 

1 
3 

1 

2 
3 

3 
2 

4 

1 

11 

Seconds 

4 

4 

1 

21 

Cracked 

2 

Leakers 

Snots        

1 

1 

Blood  rinss 

...• 

Rots 

Total 

6 

5 

5 

5 

5 

5 

6 

35 

In  assembling  the  data  connected  with  the  work,  the  forms  shown 
below  were  used.  As  will  be  seen  upon  inspection  the  card  was  used 
for  recording  the  details  concerning  the  experiment  and  the  candling 
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report  for  a  record  of  the  eggs.    After  being  filled  out,  the  card  and 
report  were  fastened  together  and  filed  away  for  future  reference. 

[Front  of  card.] 
[United  States  Department  of  Agriculture,  Bureau  of  Animal  Industry.] 
POULTRY  AND   BOG   MARKBTINO  INVESTIGATIONS— HANDLING    BOGS. 


Obenrver.. Date Experiment  No. 

Statement  of  experiment 


Material  used. 


Eggs  produced  by Farmers' Card  No 

Date  laid Where  held 

Container  and  its  condition How  long  held 

Date  and  hour  left  farm  for  market 

Haul  to  market  or  store  by  ftomer:  Tlifte Miles 

Container 

Wagon Condition  of  road 

Hani  to  market  pt  store  by  egg  collector  or  huckster:  Card  No Time Miles. 

Container 

Wagon Condition  of  road 

Store  or  buyer  to  whom  sold Card  No 

Date  reoeiyed  at  store How  long  held 

Where  held Container  and  its  condition , 

How  packed  for  shipment Kind  and  condition  of  cases  and  fillers 

Date  and  hour  left  store  for  station Length  of  haul 

Where  held  at  station How  long  held Covered  or  uncovered. 

Size  of  shipment Time  put  on  car 

Kind  of  car Eggs  alone  or  eggs  and  poultry  in  car , 

Length  and  time  of  railroad  haul Reloaded 


[Back  of  card.] 


Date  and  time  of  arrival  at  packing  house 

How  handled  at  packing  house:  How  long  before  put  in  cooler Temperature  of  cooler 

Candling  before  or  after  cooling O rading Packing 

Time  held How  shipped 

Date  and  hour  put  in  car  for  shipment Kind  of  car Time  of  shipment. 

To  whom  shipped Date  of  shipment 

Remarks 


DESCRIPTION  OF  THE  EXPERIMENTS. 

The  question  of  selecting  the  proper  conditions  for  the  carrying 
out  of  the  various  experiments  was  one  of  vital  importance,  and  it 
was  only  after  careful  consideration  of  the  actual  known  conditions 
on  the  farms  that  the  experiments  described  below  were  outlined. 
Experiments  A  and  B  were  conducted  with  fertile  and  infertile 
dirty,  washed,  and  clean  eggs;  Experiments  C,  E,  F,  and  G  with 
fertile  and  infertile  clean  and  dirty  eggs,  while  in  Experiments  D  and 
H  supposedly  fertile  eggs  were  used. 

A.    KEEPING  EGGS   IN  DWELLING   HOUSE. 

The  procedure  followed  in  conducting  an  experiment  with  clean 
fertile  eggs  was  as  follows:  Five  eggs  laid  on  a  certain  day  were  put 
in  a  clean  receptacle  (small  grape  basket)  and  placed  in  the  parlor 
of  the  house  (no  artificial  heat).    Five  fresh  eggs  were  added  each 
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succeeding  day  until  the  experiment  was  completed  at  the  farm, 
which  was  seven  days  in  all  cases  except  ''stolen  nest"  and  ''under 
sitting  hens."  After  once  being  put  into  the  receptacle,  the  eggs 
were  never  removed  from  the  room  until  they  were  packed  and 
transferred  to  town.  A  constant  record  of  temperature  and  humid- 
ity for  the  experiments  was  obtained  by  the  use  of  a  thermograph. 

B.  KEEPING  EGGS  IN  CYCLONE  CAVE. 

The  procedure  for  this  experiment  was  identical  with  that  given 
above,  with  the  exception  that  instead  of  using  a  thermograph,  an 
ordinary  thermometer  was  employed,  the  temperature  record  being 
secured  by  reading  three  times  daily.  The  use  of  the  thermograph 
in  this  instance  was  unnecessary,  as  previous  experience  had  shown 
that  the  temperature  of  the  cave  did  not  vary  more  than  three  or 
four  degrees  in  a  week,  such  a  condition  making  it  possible  to  pro- 
cure a  very  accurate  temperature  record  by  the  use  of  the  thermometer* 

In  the  section  of  the  coimtry  where  these  experiments  were  con- 
ducted, many  farmers  did  not  have  good,  clean,  dry  cellars  under 
their  houses,  but  nearly  all  had  what  is  known  as  "cyclone  caves," 
in  which  are  often  kept  the  eggs  produced  on  the  farm.  The  con- 
ditions in  many  of  these  caves  are  as  good  as  in  the  ordinary  dry, 
unheated  cellar.  Plate  II,  figure  3,  is  a  photograph  of  a  cyclone 
cave,  showing  the  entrance  with  doors  open.  These  caves  are  often 
ventilated  by  a  small  window  at  the  end  opposite  the  door,  and  by 
a  pipe  leading  through  the  top  of  the  roof. 

INEFFICIENT  STORING   FACILITIES   ON  THE  FARM. 

It  has  been  pointed  out  in  a  previous  publication  (Bureau  of  Animal 
Industry  Bulletin  141)  that  inefficient  storage  facilities  on  the  farm 
are  a  serious  difficulty  with  which  the  farmer's  wife  often  has  to  con- 
tend, as  a  great  many  of  the  country  homes  in  Kansas  do  not  have 
dry,  cool  cellars,  and  when  the  thermometer  begins  to  register  from 
100°  to  106°  F.  there  is  no  good  place  to  keep  perishable  produce. 
To  overcome  this  difficulty  use  is  often  made  of  the  "cyclone  cellar," 
or  cave.  In  some  instances  these  caves  are  of  concrete  construction 
throughout,  and  on  such  farms  very  little  difficulty  is  experienced 
in  keeping  eggs  in  good  condition.  Some  of  these  caves,  however,  are 
nothing  more  than  oblong  holes  in  the  ground  over  which  a  rough 
gable  roof  is  built.  The  soil  which  has  been  excavated  to  make  the 
cave  is  thrown  over  this  roof,  and  thoroughly  packed  so  as  to  make  it 
cool  and  practically  waterproof.  Caves  of  such  construction  are 
very  hard  to  keep  clean  on  account  of  the  dampness  and  mold,  which 
are  always  present  when  dirt  walls  and  floor  are  used,  and  conse- 
quently they  are  very  undesirable  as  a  storage  room  for  e^s.  Damp- 
ness is  conductive  to  the  rapid  development  of  mold  and  bacteria, 


3.  DUT.  OF  MDIOULTtlHC. 


—Thermograph  Recoroinq  Temperature  and  Humidity. 


Fia  2.— THEftMooRAPH  Recordino  Temperature  only. 


FiQ.  3.— Thermograph  in  Operation. 
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and  consequently  eggs  kept  in  these  caves  are  much  more  likely  to 
show  deterioration  than  if  they  were  held  in  a  dry  room  at  the  same 
temperature. 

C.    EGOS  PLACED  IN  NESTS  PROVIDED  FOR  LAYING  HENS. 

There  can  be  no  doubt  of  the  fact  that  the  annual  loss  in  the 
United  States  on  account  of  eggs  becoming  absolutely  unfit  for  ' 
human  food  (''rots"  and  ''spots '')  amounts  to  many  millions  of 
dollars.     This  much  being  conceded,  the  next  problem  is  to  ascertain 
when,  where,  and  how  this  enormous  deterioration  is  accomplished. 

In  this  experiment,  and  in  the  others  to  follow,  the  object  sought 
is  definite  knowledge  as  to  the  manner  in  which  these  inferior  grades 
of  eggs  are  produced.  The  fact  that  it  is  practically  impossible, 
within  a  period  of  a  few  days  and  in  normal  weather,  to  produce  spots 
and  rots  under  the  conditions  of  the  two  preceding  experiments,  made 
it  necessary  to  typify  in  an  experimental  way  the  more  abnormal  condi- 
tions under  which  eggs  might  be  subjected  on  the  farm.  Thus,  in  this 
experiment  one  of  the  bad  effects  due  to  infrequent  gathering  is  seen. 

With  sitters  in  the  flock, — On  practically  all  farms  during  the  spring 
and  summer  there  are  a  certain  number  of  broody  hens  which,  if  not 
used  for  hatching  purposes,  will  spend  more  or  less  of  their  time 
sitting  on  the  eggs  in  the  nests  utilized  by  the  layers.  This  is  true 
also,  but  in  a  less  degree,  even  when  an  effort  is  made  to  break  up 
the  habit  by  taking  the  hens  from  the  nests,  during  the  day  or  at 
night,  and  placing  them  in  yards  or  coops  where  there  are  no  nests. 

In  this  experiment  the  sitters  were  handled  according  to  the  usual 
custom  on  the  farm — that  is,  they  were  removed  from  the  nests  every 
day  or  so  and  confined  in  a  large  coop  for  several  days  and  then  set 
at  Uberty.  A  daily  record  was  kept  of  the  number  present  on  the 
nests  so  as  to  observe  the  rate  of  deterioration  when  few  were  present 
as  compared  with  that  when  the  sitters  were  numerous. 

The  method  of  conducting  this  experiment  was  as  follows:  Five 
eggs  laid  on  a  certain  day  were  placed  in  several  nests  which  were 
provided  for  the  laying  hens.  Five  fresh  eggs  were  added  each 
succeeding  day  until  the  experiment  was  completed  at  the  farm. 
The  time  for  this  experiment  was  sevei^  days.  After  the  eggs  were 
placed  in  the  various  nests  they  were  not  removed  until  packed  and 
transferred  to  town. 

No  sitters  on  the  nests. — After  making  provision  for  obtaining  infor- 
mation as  to  the  per  cent  of  deterioration  in  eggs  placed  in  nests  for 
layers,  with  sitters  present,  it  seemed  desirable  to  investigate  the 
problem  from  another  standpoint,  namely,  that  of  a  duplicate  experi- 
ment having  no  sitters  present.  In  this  respect  the  cooperation  of  a 
farmer  having  a  flock  of  White  Leghorns  was  secured.  This  breed 
being  nonsitters  made  it  possible  to  carry  out  the  desired  project. 

65700°— Bull.  160—13 3 
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Care  was  exercised  to  see  that  any  fowl  showing  a  disposition  to 
become  broody  was  immediately  confined.  The  method  of  conduct- 
ing this  experiment  was  exactly  the  same  as  that  with  the  sitters 
on  the  nests. 

D.    PLACING   EOGS   UNDER  SITTING  HEN. 

This  experiment  was  instituted  to  determine  accurately  from  a 
practical  standpoint  the  period  of  time  required  to  produce  a  blood 
ring  that  could  be  detected  by  the  aid  of  the  candle.  Any  changes 
occurring  before  this  stage  was  reached  were  also  observed  and 
recorded.  The  experiment  was  divided  into  four  parts,  showing 
the  influence  of  natural  incubation  for  24  hours,  36  hours,  48  hours, 
and  72  hours. 

The  procedure  for  the  tests  was  as  follows:  From  10  to  a  dozen 
fresh  fertile  eggs  were  placed  under  a  sitting  hen  and  allowed  to 
remain  there  for  the  specific  time  required  by  the  test.  They  were 
then  removed  to  the  room  in  the  dwelling  house  where  Ebcperiment  A 
was  carried  on,  and  kept  there  until  the  experiment  was  completed 
at  the  farm.  As  soon  as  one  lot  of  eggs  was  removed  from  under  the 
hen  a  fresh  lot  was  substituted,  and  the  experiment  carried  on 
continually  in  this  manner.  Separate  tests  with  infertile  eggs  were 
also  carried  on. 

E.    PLACING   EGGS   UNDER  CORNCRIB. 

In  this  experiment  five  clean,  fertile,  new-laid  eggs  were  placed  on 
the  earth  underneath  the  corncrib,  and  protected  by  means  of  an 
open-mesh  wire  hood.  Five  fresh  eggs  were  added  for  each  successive 
day  until  the  experiment  was  completed  at  the  farm.  The  eggs  were 
never  removed  from  under  the  corncrib  until  the  experiment  was 
ended. 

F.    EGGS   PLACED   IN   NESTS    IN   WEEDS   OR   UNDERBRUSH. 

In  selecting  the  location  for  these  nests  care  was  exercised  to  have 
the  conditions  as  natural  as  possible,  and  in  most  cases  the  locations 
decided  upon  were  those  that  had  already  been  chosen  by  the  hens 
themselves.  In  conducting  the  experiment  the  following  methods 
were  used:  Five  clean  fertile  eggs  laid  that  day  were  placed  on  the 
earth  in  the  weeds  or  underbrush,  and  protected  by  means  of  an  open- 
mesh  wire  hood.  Five  fresh  eggs  were  added  for  each  successive  day 
until  the  experiment  was  completed  at  the  farm,  the  time  in  this  case 
being  seven  days.  The  eggs  after  being  placed  in  the  nests  were 
never  removed  until  packed  and  transferred  to  town. 

G.    EGGS   PLACED   IN   NEST   ON   STRAW   STACK. 

The  procedure  in  this  case  was  similar  to  that  given  in  the  preceding 
experiment,  with  the  exception  that  the  eggs  were  put  in  nests  on 
the  straw  stack  instead  of  on  the  earth. 


BBSULTS  OF  THE  EXPERIMENTS.  19 

H.  EGGS  PLACED  IN  STOLEN  NEST. 

It  is  a  common  occurrence  for  the  farm  hen  to  locate  her  nest  in 
some  out-of-the-way  place  which  is  not  likely  to  be  discovered. 
These  are  designated  ^*stolen  nests."  After  choosing  a  location,  she 
will  lay  from  10  to  15  eggs,  and  then  start  to  sit.  It  often  so  happens 
that  rfter  sitting  on  the  eggs  for  several  days  she  will  become  indis- 
posed and  abandon  the  nest.  In  due  course  the  eggs  will  be  dis- 
covered by  some  of  the  members  of  the  household,  and  if  they  are 
not  educated  as  to  what  constitutes  a  good  egg,  they  will  put  them 
in  with  the  rest  of  the  eggs  that  are  sent  to  market.  This  is  one  of 
the  channels  through  which  thousands  of  dozens  of  bad  eggs  are 
placed  on  the  market. 

To  secure  knowledge  concerning  the  quality  of  these  eggs,  the 
following  method  was  adopted:  After  locating  a  stolen  nest,  the  eggs 
of -unknown  history  would  be  removed  and  a  marked  nest  egg  left. 
From  that  time  on  the  nest  was  visited  each  day,  and  the  eggs  dated 
as  they  were  laid.  The  hen  was  allowed  to  lay  until  she  started  to 
set,  at  which  time  the  eggs  were  removed  and  transferred  to  town, 
where  they  were  candled.  The  object  was  not  to  note  the  effect  of 
steady  incubation,  but  rather  the  condition  of  the  eggs  just  previous 
to  the  time  the  hen  would  desire  to  set.  Such  data  as  temperature, 
rainfall,  and  the  number  of  clear  deLjs  were  carefully  recorded  for 
each  experiment. 

RESULTS  OF  THE  EXPERIMENTS. 

Before  discussing  the  results  of  the  various  experiments,  it  will  be 
well  to  outline  briefly  the  system  followed  in  condensing  the  tables. 
In  the  Appendix  at  the  end  of  this  bulletin  are  given  the  detailed 
data  from  which  the  condensed  tables  referring  to  the  cyclone-cave 
experiment  were  compiled.  It  may  here  be  noticed  that  experi- 
ments Nos.  43,  44,  and  45  all  began  on  May  13  and  ended  at  the  farm 
on  May  20.  Each  of  these  experiments,  however,  had  to  do  with  a 
certain  class  of  fertile  ^gs  with  which  tests  were  being  conducted 
in  the  cave.  In  the  condensed  reports  (see  Tables  1,  etc.)  we  have 
the  total  results  for  a  part  of  the  season,  June  17  to  August  26,  for 
the  fertile  and  infertile  eggs  of  each  of  these  different  experiments 
given  in  the  same  general  form  as  that  used  for  recording  the  data 
of  a  seven-day  experiment  in  the  Appendix.  In  drawing  conclusions 
from  the  condensed  reports,  it  is  obvious  that  cognizance  can  not  be 
taken  of  the  specific  deterioration  occurring  in  an  experiment  during 
a  seven-day  period  of  extremely  hot  or  moderately  cool  weather. 
This  point,  however,  will  be  taken  up  in  another  part  of  the  paper. 
The  fact  that  the  results  of  the  condensed  reports  are  a  true  repre- 
sentation of  the  loss  which  the  producer  who  allowed  the  eggs  to 
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remain  in  any  of  the  various  conditions  would  have  to  bear,  makes 
it  possible  to  reach  conclusions  that  have  a  practical  application. 

The  price  allowed  in  this  work  for  first ,  or  fresh,  eggs  is  15  cents 
per  dozen,  and  for  seconds  and  cracks,  9  cents.  Leakers,  spots,  blood 
rings,  and  rots  are  figured  as  a  total  loss.  The  above  prices  will 
correspond  favorably  with  those  allowed  by  buyers  who  purchased 
on  the  loss-off  system  during  the  season  that  the  experiments  were 
conducted.  The  per  cent  of  loss  which  is  given  in  the  last  column  of 
the  table  is  figured  from  the  actual  loss  in  dollars  and  cents,  since  this 
is  the  only  basis  by  which  the  loss  borne  by  the  producer  can  be 
aptly  represented.  Loss  at  the  packing  house  represents  total  loss 
from  farm  to  packing  house. 

The  reader  will  recall  that  in  the  descriptions  of  the  different  experi- 
ments mention  was  made  of  carrying  on  tests  with  dirty  fertile  and 
infertile  eggs  in  some  of  the  experiments.  This  was  done  for  several 
weeks  at  the  b^inning  of  the  season,  but  the  results  obtained  were 
not  considered  of  enough  importance  to  continue  them  as  first  planned, 
and  it  was  decided  to  continue  them  in  the  ''house'*  and  ''weed-nest" 
experiments  only.  This  was  done  in  order  that  whatever  difference 
there  might  be  in  the  keeping  qualities  of  dirty  and  clean  eggs  might 
be  observed,  and  the  retention  of  them  in  one  inside  and  one  outside 
experiment  was  considered  sufficient  to  furnish  such  data  as  were 
desired. 

A.   THE  HOUSE   EXPERIMENTS. 

The  results  obtained  from  the  house  experiments,  as  set  forth  in 
Table  1,  may  be  noted  as  follows: 

1.  That  all  classes  of  eggs  kept  in  this  environment  showed  a  much 
higher  per  cent  of  loss  than  those  which  were  kept  in  the  cyclone 
cave.  This  increased  loss  is  accounted  for  by  the  fact  that  the  daily 
maximum  temperature  in  the  house  was  from  15^  to  40°  higher  than 
that  of  the  cave.  In  the  former  the  maximum  temperature  on  two 
occasions  reached  114°  F.,  while  in  the  latter  it  never  exceeded  70°  F. 

2.  The  class  of  eggs  wherein  the  greatest  per  cent  of  loss  occurred  was 
that  of  dirty  fertile,  although  the  clean  fertile  were  less  than  one-half 
of  1  per  cent  less.  In  no  way,  however,  can  this  slightly  increased 
deterioration  be  attributed  to  the  fact  that  the  eggs  were  dirty,  for 
in  practically  every  instance  the  development  of  floats,  blood  rings, 
and  rots  were  the  causes  of  loss.  Again,  the  variations  in  the  losses 
of  clean  fertile,  washed  fertile,  and  dirty  fertile  were  so  slight  when 
compared  to  each  other  that  it  would  be  impossible  to  say  that  the 
decreased  or  increased  deterioration  was  caused  through  the  eggs 
being  clean,  washed,  or  dirty. 

3.  That  clean  infertile  eggs,  as  was  the  case  in  the  cave  experiments, 
again  proved  superior  to  all  other  classes,  the  loss  at  the  packing  house 
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being  from  17  to  25  per  cent  less  than  in  the  classes  of  fertiles,  which 
decrease  is  due  mainly  to  the  absence  of  spots,  blood  rings,  and  rots. 
In  view  of  the  fact  that  infertile  eggs  should  be  sterile,  it  may  seem 
peculiar  to  the  reader  that  the  above  grades  manifested  their  pres- 
ence in  this  class  of  eggs.  This  may  be  explained,  however,  by  the 
fact  that  after  the  middle  of  August  the  activity  of  the  young  cockerels 
is  such  that  it  is  rather  difficult  to  find  a  farmer  who  has  a  flock  of 
chickens  that  are  producing  100  per  cent  of  infertile  eggs.  It  is  a 
condition  that  exists  under  practical  conditions  and  cognizance  of  it 
must  therefore  be  taken  in  a  problem  of  this  nature.  In  other  words, 
it  would  detract  from  the  value  of  the  work  to  use  100  per  cent  infer- 
tile eggs  at  the  season  of  the  year  when  the  farmer  has  to  contend 
with  a  certain  per  cent  of  fertile  ones.  The  farmer  must  retain  a 
certain  number  of  cockerels  for  breeding  purposes,  and  if  he  is  to  pro- 
duce strong  vigorous  males  it  is  obvious  that  they  can  not  be  confined 
in  small  coops  or  yards. 

4.  Of  the  three  classes  of  infertile  eggs,  the  variations  in  loss  are  of 
such  a  minor  nature  that  they  can  not  be  regarded  as  significant. 

5.  A  comparison  of  the  percentage  of  seconds  in  the  three  classes  of 
fertile  eggs  with  those  in  the  same  classes  of  infertile  will  show  that 
during  the  seven  days  the  eggs  were  held  at  the  farm  the  fertile  eggs 
produced  the  greatest  proportion  of  seconds.  This  is  also  true  of  the 
second  candling,  but  in  the  third  and  final  candling  the  percentage  of 
seconds  was  greater  in  the  infertile  eggs.  This*  apparent  decrease  in 
the  fertile  seconds  is  due  to  the  fact  that  many  of  the  eggs  which  were 
seconds  just  before  leaving  town  deteriorated  to  such  an  extent 
during  transportation  that  they  were  graded  as  blood  rings,  etc.,  when 
candled  at  the  packing  house.  This  change,  of  course,  did  not  take 
place  in  the  infertile  classes,  which  clearly  explains  the  variation. 
As  has  been  mentioned  before,  the  infertUe  seconds  were  far  superior 
to  the  fertile. 

The  results  of  this  experiment  may  be  briefly  summarized  in  the 
following  statements : 

(a)  An  unheated  room  in  a  dwelling  house  is  not  as  good  a  place  to 
keep  eggs  as  the  cyclone  cave,  or  dry,  unheated  cellar. 

(6)  The  condition  of  clean  infertile  eggs,  when  candled  at  the 
packing  house,  was  better  than  that  of  any  other  class. 

(c)  The  keeping  qualities  of  the  three  classes  of  fertile  eggs  are 
practically  the  same,  which  is  also  true  for  infertile  during  the  time  of 
the  experiment. 

(d)  If  the  producer  is  to  realize  the  maximum  returns,  he  can  not 
afford  to  keep  fertile  or  infertile  eggs  in  the  house  during  the  warm 
season. 
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B.   THE   CYCLONE-CAVE   EXPERIMENTS. 

A  perusal  of  Table  2,  which  deals  with  e^s  retained  in  a  cyclone 
cave,  will  show  the  following  important  points:  (1)  That  with  all 
classes  of  eggs,  both  fertile  and  infertile,  there  was  practically  no 
loss  from  the  time  the  eggs  were  produced  until  they  left  town  for 
the  packing  house,  and  after  reaching  the  packing  house  the  greatest 
loss,  which  was  in  the  clean  fertile  class,  did  not  exceed  19.8  per 
cent  of  the  total  value  of  the  eggs.  (2)  That  the  loss  occurring  in 
clean  and  washed  fertile  eggs  is  nearly  the  same.  A  result  of  this 
kind  would  indicate  that  fertile  eggs  which  had  become  soiled  in  the 
nest  could  be  washed  and  retained  in  the  cave  without  any  serious 
deterioration  taking  place  if  the  operation  was  performed  in  the 
manner  herein  described.  It  must  be  borne  in  mind,  however,  that 
in  this  case,  while  washed  eggs  stored  under  good  conditions  appar- 
ently kept  as  well  as  unwashed,  the  fact  that  contact  with  water 
tends  to  remove  or  dissolve  the  mucilaginous  coating  of  the  eggshell, 
thereby  lessening  the  resistance  to  the  invasion  of  molds  and  bac- 
teria and  also  allowing  more  rapid  evaporation  of  the  contents, 
makes  such  eggs  inferior  for  storing  purposes  when  compared  with 
clean  eggs.  (3)  That  the  infertile  eggs  proved  their  superior  keeping 
qualities  over  all  others.  The  important  point  to.  be  brought  out  in 
connection  with  infertile  eggs  is  that  the  absence  of  fertilization 
makes  it  impossible  for  such  eggs  to  develop  iuto  blood  rings  or 
chick  rots,  while  in  the  fertile  eggs  these  grades  of  deteriorated  eggs 
comprise  the  great  bulk  of  the  loss.  While  the  number  and  percentage 
of  infertile  seconds  is  only  10  per  cent  less  than  that  of  fertile,  it  is 
important  that  we  thoroughly  understand  the  great  difference 
which  exists  in  the  quality  of  these  two  classes  of  seconds.  For 
example,  it  will  be  sufficient  to  say  that  from  90  to  95  per  cent  of  the 
infertile  seconds  were  so  designated  on  account  of  a  slight  shrinkage 
in  the  contents  of  the  eggs,  thereby  causing  the  air  cell  to  appear 
larger  than  that  foimd  in  the  fresh  egg,  while  with  the  fertile  seconds 
there  was  a  very  noticeable  deterioration  or  change  brought  about 
by  the  development  of  the  living  embryo.  In  other  words,  there 
occurs  no  change  in  the  former  which  would  tend  to  render  the  egg 
unfit  for  food,  while  in  the  latter  the  composition  of  the  egg  is  under- 
going a  marked  change  through  the  development  of  life  within  the 
egg.  These  differences  are  well  illustrated  in  Plates  III,  IV,  and  V. 
Furthermore,  it  may  here  be  stated  that  the  great  differences  in 
fertile  and  infertile  seconds  were  much  more  noticeable  when  the 
eggs  were  kept  under  other  conditions  than  in  the  cave  experiments. 

The  conclusions,  so  far  as  may  be  drawn  from  the  data  at  hand 
are,  first,  that  all  classes  of  eggs  retained  in  the  cyclone  cave  showed 
a  very  small  percentage  of  loss  from  the  time  they  wore  produced  until 
they  reached  cold  storage.     Second,  that  clean  infertile  eggs  proved 
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superior  to  all  other  classes,  and  washed  infertiles  second  best. 
Third,  that  clean  and  washed  fertile  eggs  compared  favorably  with 
the  same  classes  of  infertile  while  retamed  in  the  cave,  but  showed  a 
tendency  to  deteriorate  more  rapidly  during  transportation  from 
farm  to  packing  house. 

C.   EXPEBQCEirrS  WriH  EGOS  PLACED  IN  NESTS  FOB  LAYERS. 

From  Table  3,  which  shows  the  results  of  these  experiments,  we 
may  note  the  following  points: 

1.  In  both  the  experiments  with  clean  fertile  eggs  the  resulting  loss 
was  far  in  excess  of  any  other  condition.  In  the  first  case,  where 
sitters  were  present,  the  high  rate  of  deterioration  is  due  to  the  more 
or  less  constant  sitting  of  broody  hens  on  the  nests,  while  in  the 
latter  it  was  caused  by  a  scarcity  of  nests.  There  were  no  sitters 
present  in  the  latter,  but  the  fact  that  8  or  10  hens  would  lay  in  the 
same  nest  daily  brought  about  practically  the  same  condition,  and, 
as  will  be  observed  from  the  table,  the  total  loss  was  even  greater  in 
the  latter  instance. 

2.  A  comparison  of  the  total  losses  for  fertile  and  infertile  eggs 
wiU  show  that  in  the  former  class  when  sitters  were  not  present  the 
loss  was  38.6  per  cent  greater  than  that  in  the  infertile,  and  where 
sitters  were  present  the  loss  was  32.8  per  cent  greater.  The  bulk  of 
the  loss  in  the  two  fertile-egg  experiments  was  caused  by  the  devel- 
opment of  blood  rings  and  rots,  while  in  the  infertile  it  was  due  to 
seconds. 

3.  The  infertile  eggs  proved  to  be  more  resistant  to  deterioration 
than  the  fertile  when  placed  in  nests  for  layers  with  the  sitters  present. 
The  total  loss  at  the  packing  house  for  fertiles  (sitters  present)  was 
64.2  per  cent  and  for  infertiles  under  the  same  conditions  only  31.4 
per  cent.  It  must  also  be  remembered  that  the  quality  of  the  infer- 
tile eggs  was  superior  to  the  fertiles,  since  the  seconds,  which  com- 
prise the  bulk  of  the  loss  in  this  class,  are  so  designated  simply  be- 
cause they  show  a  slight  shrinkage  of  contents  and  in  some  instances 
a  little  heat.  Figures  3  and  4  in  Plate  III  illustrate  the  difference 
between  the  fertile  and  infertile  seconds  of  this  experiment. 

The  conclusions  for  this  test  may  be  summarized  as  follows :  First, 
irregularity  in  gathering  the  eggs  from  the  nests  used  by  the  layers 
is  one  of  the  ways  in  which  a  serious  loss  in  the  quality  of  the  egg 
may  occur  on  the  farm.  Second,  infertile  eggs  are  the  most  resistant 
to  this  condition.  Third,  the  greatest  loss  in  fertile  eggs  occurred 
in  the  test  when  sitters  were  not  present.  The  reason  for  this  has  been 
explained,  and  it  is  quite  probable  that  even  in  instances  when  one 
nest  was  provided  for  every  four  or  five  hens  the  loss  resulting  from 
irregularity  in  gathering  the  eggs  would  be  about  as  serious  as  that 
where  sitters  are  present. 
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D.  THE   SnTINO  HEN  EXPERIMENTS. 

The  chief  value  of  this  experiment  lies  in  the  fact  that  the  results 
obtained  enable  us  to  state  accurately  the  least  time  required  to 
render  a  fertile  egg  unfit  for  food. 

1.  Fertile  eggs  after  being  incubated  under  a  sitting  hen  for  24 
hours  developed  into  what  is  known  to  the  trade  as  light  floats. 
The  only  change  manifested  in  infertile  eggs  under  the  same  conditions 
was  a  slight  shrinkage  in  the  contents,  thereby  causing  the  air  cell 
to  appear  larger  than  that  found  in  the  fresh  laid  egg. 

2.  In  the  36-hour  test  it  was  very  apparent  that  some  time  between 
24  and  36  hours  of  incubation  the  blood  commences  to  assume  suffi- 
cient prominence  so  tliat  it  can  be  detected  when  held  before  the 
candle.  After  being  allowed  to  die,  the  embryo  takes  on  an  appear- 
ance as  shown  in  Plate  IV,  figure  1,  where  it  wiU  be  seen  that  the 
blood  settles  toward  the  edge  of  the  yolk,  forming  an  irregular 
circle.  In  infertile  eggs,  with  the  exception  that  the  air-ceU  is 
necessarily  larger,  the  change  is  practically  the  same  as  that  explained 
above  in  the  24-hour  test. 

3.  That  ir  the  48  and  72  hour  tests  (see  Plate  IV,  fig.  3)  the  appear- 
ance of  the  fertile  eggs,  in  relation  to  the  formation  of  blood,  is  similar 
to  that  found  after  36  hours  except  that  the  development  is  much 
more  marked.  In  Plate  V,  figure  1,  is  shown  a  living  embrj'^o  after 
72  hours  of  incubation,  and  in  Plate  VI,  figure  1,  the  same  egg  after 
life  had  become  extinct.  Infertile  eggs  which  have  been  subjected 
to  this  amount  of  incubation  are  similar  in  appearance  to  that  shown 
in  Plate  V,  figure  2.  They  do,  however,  show  an  increased  amount 
of  shrinkage,  or  enlargement  of  the  air  cell,  as  incubation  proceeds. 

The  conclusion  to  be  drawn  from  this  investigation  is  that  after  36 
hours  of  incubation  there  is  a  sufficient  quantity  of  blood  present  in  a 
fertile  egg  when  held  before  the  candle  to  be  detected  by  the  naked 
eye. 

It  may  be  noted  that  there  is  no  table  accompanying  this  experi- 
ment. The  photographic  representations  given  in  Plates  III,  IV,  V, 
and  figures  1  and  2  of  Plate  VI  present  the  case  so  forcibly  that  no 
tabular  data  are  needed.  These  pictures  show  conclusively  how 
rapidly  fertile  eggs  deteriorate  under  a  sitting  hen,  and  they  also 
show  the  great  superiority  of  infertile  eggs  under  these  conditions. 

E.   THE   CORNCRIB   EXPERIMENT. 

The  conditions  of  the  two  experiments  just  discussed  were,  so  to 
speak,  normal,  while  those  of  this  experiment  and  of  the  succeeding 
ones  are  abnormal.  The  object  in  the  former  case  was  to  ascertain 
which  of  the  two  places  was  most  conducive  to  good  quality  in  eggs, 
while  in  the  latter  case  definite  knowledge  as  to  where  and  how  the 
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great  mass  of  bad  eggs  are  produced  was  sought.  If  the  producer  is 
to  be  educated  along  these  lines,  it  is  desirable  that  we  not  only 
determine  where  eggs  keep  well,  but  also  that  we  point  out  the 
possible  conditions  that  may  give  rise  to  a  great  number  of  bad  eggs. 
Such  information  may  enable  him,  if  he  so  desires,  to  eliminate 
certain  undesirable  conditions  and  thereby  increase  the  production 
of  good  marketable  eggs. 

From  the  data  in  Table  4  we  may  note  the  following  points:  A 
comparison  of  the  losses  in  clean  fertile  and  infertile  eggs  kept  under 
a  comcrib  will  show  that  the  latter  class  was  more  resistant  to  the 
enyironmental  conditions  of  the  experiment.  This  is  particularly 
noticeable  in  the  grades  of  spots,  blood  rings,  and  rots,  where  the 
infertile  egg,  on  account  of  its  keeping  quaUties,  could  not  deteriorate 
because  of  the  development  of  life  within  it.  It  will  be  remembered 
that  spots,  blood  rings,  and  rots  are  a  total  loss,  and  in  the  clean 
fertile  eggs  25.1  per  cent  of  the  total  number  were  classed  under  these 
grades,  wliile  in  the  clean  infertile  only  2.4  per  cent  were  discarded  for 
like  deterioration.  As  has  been  mentioned  before,  the  activitv  of  the 
young  cockerels  was  the  cause  of  a. small  per  cent  of  fertility  in  the 
supposedly  infertile  eggs. 

A  comparison  of  the  seconds  in  the  two  classes  will  show  a  similar 
condition  to  that  just  explained  in  the  "House  experiment." 

To  sum  up  briefly,  we  may  say  that  when  kept  on  the  earth  under 
the  comcrib,  clean  infertile  eggs  retained  the  qualities  described  in 
eatable  eggs  better  than  those  which  were  fertile. 
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F.   THE   WEED-NEST   EXPEBIMENT. 

From  the  data  in  Table  5  we  note: 

1.  That  of  the  three  classes  of  eggs  with  which  tests  were  carried 
on  in  the  weed  nests  dirty  fertile  suffered  the  greatest  loss.  It  is 
noticeable;  however,  that  the  difference  in  loss  between  clean  and 
dirty  fertile  is  very  slight. 

2.  The  development  of  blood  rings  and  rots  in  both  classes  of  fertile 
eggs  was  the  main  cause  of  the  heavy  loss.  While  it  is  true  that  the 
seconds  are  responsible  for  a  part  of  this  loss,  the  actual  figures  for 
the  385  clean  fertile  eggs  would  be  81  cents  loss  for  seconds  and 
cracked,  and  a  combined  loss  of  $1.23  for  spots,  blood  rings,  and  rots. 
In  the  case  of  the  231  dirty  fertile  eggs,  the  figures  would  be  50  cents 
loss  for  seconds,  and  74  cents  for  the  blood  rings  and  rots,  which 
proves  that  the  burden  of  the  loss  must  be  credited  to  the  spoiled 
eggs. 

3.  A  comparison  of  the  losses  at  the  packing  house  (see  last  column 
of  the  table)  gives  superiority  to  the  clean  infertiles  by  a  margin  of 
21.8  per  cent,  again  demonstrating  that  infertile  eggs  possess  in  a  much 
higher  degree  those  qualities  which  tend  to  make  them  resistant  to 
undesirable  keeping  conditions. 

The  conclusions  which  may  be  reached  from  this  experiment  are: 
First,  that  fertile  eggs  which  might  be  laid  in  nests  in  the  weeds  and 
not  discovered  for  several  days  can  easUy  develop  into  spots,  blood 
rings,  and  rots  during  the  warm  weather.  Second,  that  infertile  eggs 
under  the  same  conditions  do  not  deteriorate  to  the  extent  of  fertiles. 
Third,  that  of  all  clases,  clean  infertile  were  in  the  best  condition 
when  candled  at  the  packing  house. 
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O.    THE   STRAW-STACK   EXPERIMENT. 

From  the  results  of  this  experiment,  as  set  forth  in  Table  6,  we 
may  note  the  following  points : 

1.  The  difference  in  loss  between  clean  fertile  and  infertile  is 
much  less  than  that  of  any  other  experiment,  which  would  indicate 
that  t*he  conditions  of  the  straw-stack  nest  were  of  such  a  severe 
nature  that  the  infertile  eggs  were  unable  to  resist  it  as  successfully 
as  they  did  in  the  other  cases.  This  point  is  well  illustrated  by  the 
figures  in  the  colunm  headed  *^Rots/'  where  it  will  be  noted  that 
fully  5  per  cent  of  both  classes  of  eggs  were  so  designated  when 
candled  at  the  packing  house.  Further  illustration  is  found  in  the 
fact  that  in  both  fertile  and  infertile  eggs  the  number  of  spots  was 
greater  than  that  experienced  under  any  other  condition. 

It  may  also  be  of  interest  to  note  that  during  the  extremely  hot 
week  of  July  1  to  8  eggs  that  had  been  in  this  experiment  after  being 
candled  at  the  packing  house  were  broken  and  the  albumen  found  to 
be  cooked  so  hard  that  it  could  be  cut  with  a  knife  without  running. 

2.  The  clean  fertile  eggs  contained  20  blood  rings  (see  candling 
report  at  packing  house)  while  in  the  infertiles  none  were  present, 
thereby  making  the  total  loss  greater  than  in  the  infertile  eggs. 

3.  Even  under  these  severe  conditions  24.8  per  cent  of  the  infertile 
eggs  graded  as  firsts  at  the  packing  house,  again  demonstrating  that 
this  class  of  eggs  is  more  resistant  to  bad  conditions  than  any  other. 
In  concluding,  we  may  say  that  this  experiment  gave  the  greatest 
number  of  spots  and  rots  in  infertile  eggs. 
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H.   THE   STOLEN-NEST   EXPERIMENTS. 

Before  discussing  the  results  of  these  tests,  as  set  forth  in  Tables 
7,  S,  and  9,  it  will  be  well  to  state  that  whenever  two  or  more  hens 
would  lay  in  a  nest  on  the  same  day  all  but  one  of  the  eggs  laid  were 
removed.  This  was  done  to  keep  the  factor  constant  and  not  varying 
from  day  to  day. 

That  there  is  a  great  difference  in  the  quahty  of  fertile  eggs  taken 
from  a  stolen  nest  just  previous  to  the  time  the  hen  starts  to  sit  is 
well  brought  out  in  Tables  7  and  8.  In  Table  7  it  will  be  noted  that 
9  out  of  the  10  eggs  were  graded  as  seconds  and  the  remaining  1  as 
a  first,  whUe  in  Table  8  there  are  9  blood  rings  and  2  seconds.  The 
only  logical  reason  that  can  be  set  forth  as  the  probable  cause  of  such 
a  variation  is  that  the  hen  responsible  for  the  eggs  in  nest  2  was  in- 
clined to  sit  on  the  eggs  for  a  longer  period  each  day  during  the  time 
she  was  accumulating  the  nest  of  eggs  than  was  the  hen  of  nest  1. 
The  fact  that  both  experiments  were  conducted  on  practically  the 
same  days  of  the  month  makes  the  weather  conditions  identical  in 
each  case  and  eliminates  the  possibility  of  variations  in  temperature 
being  responsible  for  the  increased  deterioration  of  the  eggs  in  the 
latter  nest.  In  both  cases  it  was  accurately  determined,  by  breaking 
the  eggs  directly  after  candling,  that  those  candled  as  seconds  were 
fertile,  since  they  showed  similar  development  to  that  shown  in  Plate 
III,  figure  3.  The  development  had,  of  course,  proceeded  further  in 
some  instances  than  in  others,  but  in  every  case  it  was  of  sufficient 
prominence  to  positively  identify  the  egg  as  fertile. 

Turning  to  Table  9,  which  is  a  condensed  report  of  the  detailed 
records  of  the  12  stolen  nests,  we  may  note  (1)  that  out  of  the  total  of 
88  eggs  only  7.9  per  cent  could  be  classed  as  firsts  when  removed  from 
the  nest;  (2)  that  slightly  over  one-half  of  the  number  had  developed 
into  seconds,  38.6  per  cent  being  a  total  loss,  and  (3)  that  there  was  a 
total  money  loss  of  60  per  cent  of  the  original  ^value  of  the  eggs.  Such 
results  as  these,  when  we  consider  that  the  eggs  had  not  been  set 
upon  steadily,  as  is  the  case  in  many  nests  of  eggs  which  are  found 
on  the  farm,  are  sufficiently  convincing  to  prove  that  the  eggs  procured 
from  such  sources  can  easily  be  responsible  for  a  part  of  the  great  loss 
now  borne  by  the  producer. 
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Table  7. — Record  of  stolen  nest  No.  1,  located  in  weeds. 


Dates  visited. 


May  12 
Kay  13 
May  14 
Hay  15 
Hay  16 
Hay  17 
Hay  18 
Hay  19 
Hay  20 
Hay  21 
Hay  22 
Hay  23 


Nomber 
of  bens 
laying 
in  nest. 


1 
1 
1 
2 
1 
1 
2 
3 
1 
0 
1 
0 


Hen 
sitting. 


No.. 

No. 

No.. 

No.. 

No.. 

No.. 

No.. 

No.. 

No.. 

No. 

No. 

Yes. 


Weather  conditions. 


Rain. 


Indiet. 
0.00 
T.> 
.22 
.00 
.00 
.00 
.00 
.00 
.00 
.58 
.00 
.00 


Sky. 


Clear... 

Pt.cl». 

. .  .do 

...do... 
...do... 

Clear.. . 

Pt.  cl. . 
...do... 
...do... 
.  ..do. . . 
...do.. . 

Clear... 


Tempera- 
ture. 


Hax. 


F. 

87 

87 

84 

81 

90 

91 

93 

80 

75 

66 

61 

86 


Min. 


44 

57 
65 
52 
65 
64 
72 
70 
52 
50 
41 
62 


Date 
candled. 


May  24. 
...do... 
...do. . . 
...do.. . 
...do... 
...do.. . 
...do... 
...do... 
...do... 
...do.. . 
...do... 
...do... 


Orade 
of  egg. 


iSeoond. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

First. 


» Trace. 
Note.— Second  showed  24-hour  development. 


» Part  cloudy. 


Table  8. — Record  of  stolen  nest  No.  2y  located  in  woodpile. 


Number 
of  hens 
laying 
in  nest. 

Hen 

sitting. 

Weather  conditions. 

Date 
candled. 

Dates  visited. 

Rain. 

Sky. 

TemiMra- 
ture. 

Grade 
of  egg. 

Max. 

Min. 

May  12 

1 
0 

0 

0 
0 

I'o 

No.... 
No.... 
No.... 
No.... 
No.... 
No.... 
No.... 
No.... 
No.... 
No.... 

No.... 
No.... 
No.... 
Yee... 

Indus. 
0.00 

T.i 
.22 
.00 
.00 
.00 

Clear.... 

Pt.cl.>.. 
...do.. . . 

...do 

...do 

CieftT 

87 

87 
84 
81 
90 
91 
93 
89 
75 
66 
61 

85 
96 
95 
94 

44 

57 
65 
52 
65 
64 
72 
70 
52 
50 
41 

62 
55 

May  26.. 

...do.... 

...do 

...do 

...do 

...do. . . . 
...do.. . . 

...do 

...do 

...do 

...do.... 

...do.... 
do 

Blood 

Hay  13 

ring 
Do. 

Hay  14 -. 

Do. 

Hay  15 

Hay  16 

Do. 

Hay  17 

Do. 

Hay  18 

.00     Pt.el.r. 

Do. 

Hay  19 

.00 
.00 
.58 

...do 

...do 

-do 

Do. 

Hay  20 

Hay  21 

Second. 

"May  ?? . .   .                    

.00  '---do 

Blood 

May  23 

.00 
.00 
.00 

aear.... 
...do 

do 

ring. 
Do. 

Hay  24 

May  25 

67   ...do.... 
69      -  do 

Second. 

Hay  26 

.00  l--do 

»  Trace. 
Note.— Second  showed  24-hour  development. 


Part  cloudy. 


Table  9. — Condensed  report  of  stolen  nests. 


Total 
egSB. 

Results  of  candling. 

• 

Origi- 
nal 
value 

cents 

per 

doxen. 

Total  number  of 
neslB. 

Firsts. 

Seconds. 

Blood  rings. 

Rots. 

Loss. 

12 

88 

Num- 
ber. 
7 

Per 

cent. 

7.9 

Num- 
ber. 
47 

Per 
cent. 
53.4 

Num- 
ber. 
27 

Per 
cent. 
30.7 

Num- 
ber. 
7 

Per 

cent. 

7.9 

DoOart. 
1.10 

DoUart. 
0.66 

Peret. 
60 

36  THE  CABE  OF  THE  FABM  EGO. 

COMPARISON  OF  CLEAN  FBRTHA  BGOS  UNDER  SEVEN    DIFFERENT 

CONDITIONS. 

We  have  already  discussed  the  results  of  the  seven  different  experi- 
ments incorporated  in  Table  10,  and  it  will  now  be  of  interest  to  com- 
pare collectively  the  total  number  of  clean  fertile  eggs  in  each  of  them. 
Before  doing  so,  however,  it  is  well  to  call  attention  to  the  fact  that 
the  date  in  the  table  on  which  the  tests  with  clean  fertile  eggs  began 
is  with  one  exception  given  as  April  24,  while  in  the  condensed  tables 
referring  to  the  separate  experiments  it  is  given  in  some  instances  as 
June  10  and  in  others  as  June  17.  This  apparent  contradiction  is 
owing  to  the  fact  that  the  tests  with  infertile  eggs  did  not  start  until 
the  latter  dates,  and  if  we  are  to  compare  the  results  of  experiments 
with  these  two  classes  of  eggs,  it  is  obvious  that  the  work  in  each  case 
must  start  and  end  on  identical  dates. 

From  the  data  in  Table  10  the  following  points  will  be  noted: 

1.  A  comparison  of  the  number  and  per  cent  of  blood  rings  and 
rots  which  were  present  in  the  eggs  of  the  different  experiments  when 
candled  at  the  packing  house  will  show  that  those  kept  in  the  cave 
were  the  only  ones  that  did  not  suffer  a  heavy  loss  through  these  two 
grades.  In  the  cave  eggs  the  loss  from  this  source  was  only  0.5  per 
cent,  while  in  the  remaining  experiments  it  varies  from  8.8  per  cent 
for  straw  stack  to  55.1  per  cent  in  nests  for  layers. 

2.  The  conditions  in  the  straw-stack  experiment  gave  rise  to  the 
greatest  number  of  spots.  By  referring  to  Table  11,  it  can  be  seen 
that  this  also  held  good  in  the  case  of  infertile  eggs. 

3.  By  comparing  the  total  per  cent  of  loss  of  each  experiment  it 
will  be  seen  at  a  glance  that  the  irregular  gathering  of  the  eggs  (nests 
for  layers  test)  was  the  cause  of  the  greatest  loss  both  at  the  farm 
and  packing  house.  On  the  other  hand  one  can  see  immediately 
that,  excepting  the  cave  experiment,  the  various  conditions  imder 
which  the  tests  were  made  are  responsible  for  a  large  part  of  the  bad 
eggs  which  we  find  on  the  market  to-day. 

4.  In  all  experiments  except  the  cave  the  total  depreciation  in  the 
quality  of  clean  fertile  eggs  is  of  enough  importance  to  justify  the 
statement  that  high-quality  eggs  can  not  be  produced  under  any  of 
these  conditions.  The  best  place  to  keep  eggs,  other  than  the  cave, 
was  found  in  the  parlor  of  the  dwelling  house,  and  even  here  we  note 
a  total  loss  of  one- third  of  the  value  of  the  eggs  when  candled  at  the 
packing  house.  This  result  must  obviously  eliminate  such  a  location 
as  a  suitable  place  to  keep  fertile  eggs  during  the  warm  weather,  which 
leaves  the  cave  or  dry,  cool  cellar  as  the  only  alternative. 
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38  THE  CABE  OF   THE  FABM  EGG. 

COMPARISON   OF   CLEAN   INFERTILB  BOOS   UNDER   SEC    DIFFERENT 

CONDITIONS. 

It  may  be  noted  from  the  data  given  in  Table  11  concerning  the 
clean  infertile  eggs  in  the  various  experiments :  First,  that  eggs  held  in 
the  cave  gave  the  highest  percentage  of  firsts  at  the  farm  and  packing 
house,  and  that  the  eggs  kept  in  the  parlor  of  the  dwelling  house  were 
second  best.  Second,  instead  of  the  greatest  deterioration  occurring 
in  the  eggs  placed  in  the  nests  for  layers,  as  was  the  case  with  fertile 
eggs,  we  find  that  those  of  the  straw  stack  suffered  the  heaviest  loss. 
Third,  that  the  straw-stack  condition  was  the  most  conducive  to  the 
production  of  spots  and  rots  in  infertile  eggs.  Fourth,  excepting  the 
cyclone  cave,  the  final  losses  under  all  the  other  different  conditions 
plainly  show  that  they  are  not  conducive  to  good  quality  in  ^gs. 
With  the  exception  of  the  house  experiment  such  results  would 
naturally  be  expected. 
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THE  CABE  OF  THE  FABH  I 


From  the  data  in  Table  12  and  the  graphic  representation  in  text 
figure  1  we  note: 

1.  That  in  all  three  candlings  the  loss  in  fertile  eggs  is  nearly  twice 
that  of  the  infertHe.  This  point  is  of  the  utmost  importance  to  the 
producer,  since  it  demonstrates  beyond  a  doubt  that  by  removing 
the  male  birds  as  soon  as  the  hatching  season  is  over,  which  should 
be  about  the  middle  of  May,  the  quality  and  value  of  the  subsequent 
eggs,  regardless  of  where  they  are  kept,  is  increased  very  materially. 

2.  The  increased  loss  in  fertile  eggs  is  due  mainly  to  the  develop- 
ment of  blood  rings  and  rots,  which,  as  has  been  shown  in  the  pre- 
vious discussion,  can  easily  occur  even  when  the  eggs  receive  good 
care  on  the  farm.  The  fact  that  they  are  fertile  makes  them  subject 
to  rapid  deterioration  of  such  a  nature  as  to  render  them  unfit  for 
consumption. 

3.  By  referring  to  figure  1  it  will  be  seen  that  practically  two- 
thirds  of  the  total  loss  in  fertile  and  infertile  e^s  occurred  on  the 


Fia.  I.— Stiovlns  percent  alloss  in  lertOeaad  Infertile  eggs  rrDmbim  to  market.    [See  Table  12.) 

farm,  the  remaining  loss  taking  place  in  town  and  during  transporta- 
tion from  town  to  packing  house.  It  is  highly  probable  that  if  the 
e^s  had  all  been  firsts  when  leaving  the  farm  the  above  loss  would 
have  been  materially  lessened.  The  important  point  to  be  brought 
out,  however,  is  that  the  haphazard  methods  followed  in  the  produc- 
tion and  care  of  eggs  on  the  farm  are  the  principal  factors  which  must 
be  eliminated  if  the  quality  of  the  commercial  egg  is  to  be  improved. 
True,  there  is  room  for  improvement  in  the  methods  of  handling  and 
transportation  after  the  egg  leaves  the  farm,  but,  as  brought  out  in 
Table  1  (p.  22),  the  only  depreciation  occurring  during  transit  in 
clean  infertile  eggs  kept  jn  the  cyclone  cave  was  a  slight  shrink  in  the 
contents  of  a  part  of  them,  thereby  making  it  necessary  to  class  them 
as  seconds. 
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42  THE  GABE  OF  THE  FABM  £00. 

RELATION  OF  TEMPERATURE  TO  DETERIORATION  IN  EGGS. 

In  the  condensed  reports  of  the  different  experiments  it  has  only 
been  possible  to  note  the  total  depreciation  for  the  season.  There- 
fore it  will  be  of  interest  to  here  note  the  deterioration  in  fertile  and 
infertile  eggs  of  various  ages  during  moderately  cool  and  extremely 
hot  weather.  Tables  13,  14,  and  15  are  detailed  reports  of  7-day 
experiments  conducted  in  the  parlor  of  the  dwelling  house,  and  the 
figures  contained  in  them  are  the  results  of  the  first  candling,  which 
represents  the  loss  at  the  farm.  Figures  2  and  3  are  thermograph 
reports  of  the  temperature  and  humidity  of  the  room  during  the 
time  the  above  tests  were  made.  The  experiments  started  and  ended 
on  Saturday,  as  will  be  noted  by  referring  to  the  thermograph  records, 
where  it  will  be  seen  that  directly  under  Saturday  there  is  a  break  in 
the  line  representing  the  temperature.  This,  of  course,  is  occasioned 
by  beginning  and  ending  the  record  on  the  above  day. 

From  figure  2,  and  the  data  in  Table  13,  which  records  the  results 
of  keeping  fertile  eggs  in  moderately  cool  weather,  we  note: 

1.  That  the  range  of  temperature  for  the  seven  days  was  between 
63  and  88^  F.  2.  When  subjected  to  the  above  range  of  temperatiu-e 
there  was  no  loss  in  fertile  eggs  from  one  to  six  days  old.  3.  That  in 
fertile  eggs  seven  days  old  one  out  of  six  had  deteriorated  so  as  to 
become  a  second,  which  meant  a  decrease  in  quality  of  16.7  per  cent. 
The  actual  money  loss,  however,  resulting  from  the  above  shrinkage 
in  quality  is  but  one-half  a  cent,  which  is  not  serious  enough  to  be  of 
significance.  4.  That  fresh  fertile  eggs  placed  in  an  unheated  room 
of  the  dwelling  house,  the  maximmn  daily  temperature  of  which  is 
88°  F.,  or  imder,  will,  if  marketed  frequently,  be  in  sufiiciently  good 
condition  to  grade  as  firsts  or  full  fresh  eggs.  There  is  a  possibility 
that  they  would  be  in  good  condition  at  the  expiration  of  seven  days, 
but  it  is  wiser  to  dispose  of  them  at  least  twice  a  week. 

Tmrning  to  Tables  14  and  15,  where  is  given  the  depreciation  dur- 
ing extremely  hot  weather,  we  find  that  after  24  hours  40  per  cent  of 
the  fertile  and  20  per  cent  of  the  infertile  eggs  had  developed  into 
seconds.  At  the  age  of  four  days  40  per  cent  of  the  fertile  eggs  are 
a  total  loss  and  on  the  fifth  day  100  per  cent.  In  the  infertile  eggs 
(Table  15)  the  rate  of  deterioration  is  not  so  great,  but  after  the 
fourth  day  100  per  cent  o(  the  eggs  are  seconds.  At  the  end  of  seven 
days  the  infertile  eggs  have  a  market  value  of  6(T  per  cent  of  their 
original  value,  while  the  fertile  eggs  under  the  same  conditions  are  a 
total  loss. 

The  conchisions  which  may  be  drawn  from  the  results  of  these 
three  experiments  are:  First,  that  the  quality  of  fertile  and  infertile 
eggs  retained  in  a  room  of  the  dwelling  house  does  not  change  to  any 
appreciable  extent  during  a  period  of  from  four  to  five  days  when  the 
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maximum  temperature  is  SS°  F.,  or  under.  Second,  during  extremely 
hot  weather,  when  the  daily  maximum  temperature  is  100°  F.,  or 
over,  both  fertile  and  infertile  e^s  start  to  deteriorate  during  the 
first  24  hours.  The  depreciation  in  fertiles  Is  so  rapid  that  after  the 
fourth  day  they  are  a  total  loss,  while  in  the  infertiles,  owing  to  the 
absence  of  fertilization,  the  loss  is  much  less. 

Table  13.—Detmoration  in/trtiU  egg*  kept  in  dwelling  hotue  during  ■moderaUl}/  cool 
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T&BLB  15.— Z)efanoFalton  m  infertile  egg*  lept  in  dweUinff  houte  during  vay  hot  weather. 
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cmperature  and  humlditv  records  token  Horn  Ihermograph  iisad  la  the  hotus  eipRl 
week  June  M  lo  July  1, 1911.    Upper  Uoe  itpttBento  temperature;  lower,  hotnldl^. 


RELATION   OF   TEMPEBATUBE   TO  DETEEIORATION. 


[a.  0— Tcmpentun  and  humjdlly  reconla  taken  bom  thermoKTsph  tiwd  In  o 
week  June24  toJuIjl,  IMl,    Upper  lino  reprasenla  tempeiatura;  low 


-_ , itor,  July  1,  and  end!  at  10a.m.  WtdiKS- 

_, .,  ..     when  tbe  tnin  WB3  in  motion,  and  the  light  smooth  line  that  tha 

(rawere  held  In  the  country  a  lore  (rom  6  o'clock  Saturday,  July  l.unta  about  10  o'clock  Monday,  July 
3,  ISll.    Sgsi  and  thennogisph  were  In  open  stock  car.    Note  ^iteh  temperature  at  2  o  clock  Ttifsday, 

SDMHARY. 

■  This  paper  constitutes  a  general  study  from  a  practical  staudpoint 
of  the  deterioration  occurring  in  the  various  classes  of  fertile  and 
infertile  eggs  when  kept  on  the  farm  under  different  environmental 
conditions.  The  data  on  which  this  study  is  based  are  the  results  of 
extensive  experimental  egg  work  carried  on  in  the  State  of  Kansas. 
The  chief  results  of  these  tests  are  summarized  in  the  following 
paragraphs: 

1.  E^  kept  in  the  cyclone  cave  proved  much  better  in  quality 
than  those  kept  under  other  conditions. 
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2.  Taking  the  season  as  a  whole,  an  unhealed  room  in  a  dwelling 
house  is  not  conducive  to  good  quality  in  eggs. 

3.  During  the  hot  summer  months  the  conditions  surrounding  the 
weed  nest,  the  nest  in  the  straw  stack,  or  imder  the  comcrib,  and 
the  stolen  nest,  as  well  as  the  keeping  of  eggs  in  the  house,  favor  the 
production  of  spots,  blood  rings,  and  rots. 

4.  The  greatest  deterioration  in  fertile  eggs  occurred  in  the  experi- 
ments which  included  a  certain  amount  of  natural  incubation,  namely, 
in  the  nests  for  layers  and  the.stolen-nest  experiments. 

5.  The  straw-stack  experiment  gave  the  greatest  number  of  spots, 
both  in  fertile  and  infertile  eggs,  and  also  the  highest  percentage  of 
rots  in  the  latter  class  of  eggs.  It  was  the  only  test  in  which  a  large 
number  of  infertile  eggs  deteriorated  to  such  an  extent  as  to  be  unfit 
for  food. 

6.  In  fertile  eggs  the  development  of  the  embryo  after  24  hours  of 
incubation  was  of  sufficient  proportion  to  be  recognized  when  held 
before  the  candle,  and  at  the  expiration  of  36  hours  the  presence  of 
blood  was  easily  detected.  In  infertile  eggs  under  the  same  condi- 
tions a  slight  shrinkage  of  the  contents  was  the  only  change  which 
could  be  recognized  by  the  eye. 

7.  Infertile  eggs,  regardless  of  where  they  may  be  kept,  are  much 
more  resistant  to  deterioration  than  fertile. 

8.  Two-thirds  of  the  total  loss  in  fertile  and  infertile  eggs  takes 
place  on  the  farm.  The  basic  factors  responsible  for  this  condition 
are  the  haphazard  methods  of  poultry  management  on  the  farm. 

9.  If  eggs  are  fresh  when  delivered  to  the  buyer  it  is  impossible, 
with  the  present  methods  of  transportation,  for  them  to  reach  the 
packing  house  without  showing  a  slight  deterioration  in  quality. 
The  data  at  Jiand  (see  Table  1)  would  indicate  that  this  loss  is  about 
12  per  cent  of  the  original  value  of  the  eggs. 

10.  The  results  of  all  the  experimental  work  point  to  the  fact  that 
the  production  of  the  infertile  egg  is  the  greatest  asset  in  the  attempt 
to  produce  high-quality  market  eggs  during  hot  weather. 

11.  The  authors  beUeve  that  if  the  five  simple  rules  given  below  are 
followed  by  egg  producers  generally  a  high  quality  of  product  will 
be  assured  and  a  very  large  part  prevented  of  the  loss  now  expe- 
rienced in  the  value  of  the  country's  egg  production: 

Give  the  hens  clean  nests. 
Gather  eggs  at  least  once  daily. 
Keep  eggs  in  a  cool,  dry  place. 
Market  eggs  at  least  twice  a  week. 

Eall  or  sell  all  mature  male  birds  as  soon  as  the  hatching  season 
closes. 


Fki.  1.— Normal  Fresh  Eoa.  FiQ.  2.— Fresh  Eqo  Showinq  Blood  Clot. 


Fig.  4.— Infebtile  Egg  After  7  Days 


Fig.  3.-EGQ  Showing  Mold  Spot.  fig.  4. -Ego  Showing  Plain  Spot. 


APPENDIX. 

As  a  sample  of  the  way  in  which  the  complete  data  of  the  various 

experiments  in  this  bulletin  were  placed  on  record,  we  append  the 

details  of  the  cyclone-cave  experiment  as  carried  out  throughout  the 

season,  from  April  24  to  August  26,  1911.     A  condensed  report  of 

this  experiment  has  previously  been  given  as  Table  2,  on  page  25. 

It  is  considered  unnecessary  to  publish  the  complete  records  of  the 

other  experiments. 

47 


48 


THE  CABE  OF  THE  FABM  EGG. 


Detailed  record  of  the 
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Before  leaving  town 

Arrival  at  packing  house. . 
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Before  leaving  town 

Arrival  at  packing  house. 
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1  A  oomparisoii  of  the  figures  under  column  headed  "  Total  eggs"  with  those  under  oolnnm  "Total  eggs 
candled  **  wiU  often  show  a  variation.    This  variation  is  due  to  eggs  becoming  broken  or  lost.  ^^ 

s  The  tables  and  records  referred  to  in  this  column  are  not  those  in  the  present  bulletin.  They  are  ptft 
of  the  original  data  on  file  in  connection  with  the  complete  records  of  these  experiments. 
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Detailed  record  of  the  cydone- 
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Detailed  record  of  the  cyclone^ 
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A  STUDY  OF  BACTERIA  WHICH  SURVIVE  PASTEURIZATION. 


INTRODTTCrnON. 

The  bacteria  which  survive  the  process  of  pasteurization  arc  of  great 
importance,  since  they  form  the  foundation  for  the  subsequent  bac- 
terial development.  It  is  well  known  that  the  most  efficient  pa8teu« 
rization  will  not  destroy  all  of  the  microorganisms  in  milk.  Hie 
process  must,  then,  leave  a  certain  number  of  bacteria  which  it  is 
impossible  to  destroy  at  the  temperatures  employed. 

The  prevailing  view  has  been  that  the  organisms  left  after  heatiiig 
were  largely  of  the  peptonizing  spore-forming  type,  with  some  few 
inert  forms.  This  idea  was  based  on  the  belief  that  all  vegetative 
cells  were  destroyed  at  temperatures  below  the  minimum  pasteurizing 
temperature  of  60*^  C.  (140°  F.). 

Theoretically,  then,  only  spore-forming  organisms  should  survive 
pasteurization.  This  view  was  strengthened  by  numerous  investi- 
gations of  the  bacterial  flora  of  boiled  milk  or  milk  pasteurized  at 
extremely  high  temperatures.  As  lower  temperatures  came  gradu- 
ally into  use  investigations  indicated  that  vegetative  cells  might 
have  higher  thermal  death  points  than  was  generally  believedo 
Russell  and  Hastings  *  found  a  micrococcus  which  was  capable  of 
standing  a  temperature  of  76*^  C.  (168.8'^  F.)  for  10  minutes.  Other 
investigators  pointed  out  that  lactic  acid  bacteria  occasionally  ap- 
peared in  pasteurized  milk  and  yet  the  thermal  death  point  of  the 
lactic  acid  bacteria  was  stated  to  be  in  the  neighborhood  of  57.2*^  to  60® 
C.  (135M40°  F.).  Rogers  2  found  that  in  milk  pasteurized  at  SB"" 
C.  (185®  F.)  by  the  ''flash"  process  lactic  acid  bacteria  occasionally 
survived.  Marshall  ^  states  ''It  is  largely  supposed  that  in  pasteur- 
ized milk  the  lactic  acid  bacteria  are  lolled.  This  is  largely  true  but 
not  universally.''     Maz6*  found  that  the  ordinary  lactic  acid  bacteria 

« Russell,  H.  L.,  and  Hastings,  E.  O.  A  microooocos,  the  thermal  death  limit  of  which  is  76*  C.  Cen- 
tralblatt  fOr  Bcktcriologle,  Parasitenkunde  nnd  Inlektionskrankheiten,  Abteilong  2,  vol.  8,  No.  11,  pp. 
339-342.    Jena,  Mar.  13, 1908. 

«  Rogers,  L.  A.  The  bacteria  of  pasteurized  and  unpasteurized  milk  under  laboratory  conditions.  I'nitetl 
states  Department  of  Agriculture,  Bureau  of  Animal  Industry,  Bulletin  73.    Washington,  1905. 

»  Marshall,  C.  E.  Pasteurization  of  millc  Michigan  Agricultural  Experiment  Station,  Bulletin  147. 
Agricultural  College^  August,  1897. 

«  Maid,  P.    Pasteurization  du  lait  destin<5  .^.  la  oonsommation.    L'Industrie  Laitiftre,  vol.  32,  No.  8,  pp. 

121-127.     Paris,  Fob.  24, 1907. 
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were  destroyed  by  five  minutes'  heating  at  temperatures  between 
SS''  and  65''  C.  (131''  and  149''  F.),  but  that  lactic  acid  bacteria  existed 
which  resist  five  minutes'  heating  at  76^  C.  (IG?**  F.).  When  milk 
was  pasteurized  in  bottles  for  60  minutes  at  65®  C.  (149®  F.),  Grerber  * 
and  Weiske  found  that  the  bacteria  which  resisted  belonged  for  the 
most  part  to  the  inoffensive  lactic  bacilli.  An  investigation  of  com- 
mercially pasteurized  milk  in  this  country  carried  on  by  the  authors ' 
showed  the  presence  of  high-temperature  resisting  lactic-acid  bacteria, 
the  thermal  death  point  of  one  of  which  was  77.8®  C.  (172®  F.)  with 
a  10  minutes'  exposure  and  75.6®  C.  (168®  F.)  with  a  30  minutes' 
heating.  It  was  further  found  that  commercially  pasteurized  milk 
always  soured.  Kohler'  and  Tonney,  after  studying  pasteurized 
milk  in  Chicago^  concluded  that  reinfection  was  the  cause  of  the  sour- 
ing of  heated  milk. 

It  is  evident  that  the  knowledge  of  the  bacteria  which  actually 
survive  pasteurization  is  very  limited. 

OBJBOT8  OF  THIS  INVESTiaATXON. 

The  general  object  of  this  investigation  was  to  study  quantitatively 
and  qualitatively  the  bacteria  which  survive  pasteurization  under 
conditions  which  excluded  any  possibility  of  recontamination  of  the 
milk  after  pasteurization. 

The  special  objects  were  as  follows: 

1.  To  ascertain  the  average  temperature  of  pasteurization  in  both 
the  ''holder"  and  ''flash"  process  used  throughout  the  country. 

2.  To  determine  the  effect  of  vanous  pasteurizing  temperatures 
for  one-half  hour's  exposure  upon  the  bacteria  in  different  grades  of 
milk. 

3.  To  study  the  effect  of  holding  periods  longer  than  one-half  hour 
during  pasteurization. 

4.  To  determine  the  effect  of  sudden  cooling  on  bacteria  after 
pasteurization. 

5.  To  study  quantitatively  the  bacterial  groups  which  survive 
pasteurization  at  various  temperatures. 

6.  To  trace  the  development  of  the  various  bacterial  groups  in 
pasteurized  milk  held  at  different  temperatures. 

7.  To  study  qualitatively  the  bacteria  which  survive  pasteurization. 

1  Qtther,  N.,  and  Weiske,  P.  Pasteurisation  des  flaoons  dans  ia  grande  Industrie  (paatetiriaatton  vno 
agitation).    Revue  Qte^rale  du  L4iit,  vol.  2,  No.  8,  pp.  109-177.    Lleire,  Jan.  30,  IQOS. 

*  Ayers,  8.  Henry,  and  Johnson,  W.  T.,  Jr.  The  bacteriology  of  oommercially  pasteurised  and  raw 
market  milk.  United  States  Department  of  Agriculture,  Bureau  of  Animal  Industry,  Bulletin  12ft. 
Washington,  19ia 

B  Kohler,  QottJMed  and  Tonney,  F.  O.  The  control  of  pasteurisation.  Journal  of  the  American  Medloal 
AsBOdation,  vol.  M,  Na  10,  pp.  71S-718.    Chicago,  Mar.  11, 1911. 


METHODS  EMPLOYED.  11 

MBTHObS. 

In  this  investigation  the  technique  of  plating  and  the  preparation 
of  beef  infusion  agar  with  a  reaction  of  1.5  (Puller's  scale)  was  carried 
out  according  to  the  recommendations  of  the  committee  of  standard 
methods  for  the  bacteriological  analyses  of  milk.^  In  the  prepara- 
tion of  fermentation  bouillons  and  litmus  lactose  gelatin,  liebig's 
beef  extract  was  used  as  a  basis. 

Fermentation  bouillons  were  prepared  by  dissolving  4  grams  of 
liebig's  beef  extract  and  10  grams  of  Witte's  peptone  in  a  liter  of 
water  and  correcting  reaction  to  0.0  (Fuller's  scale).  The  broth 
was  then  brought  up  to  the  sterilizing  temperature  for  five  minutes 
and  filtered.  When  a  clear  filtrate  was  obtained,  0.5  per  cent  potas^ 
sium  dibasic  phosphate  and  1  per  cent  of  the  substance  to  be  fer* 
mented  was  dissolved  in  it.  The  following  substances  were  used 
to  test  the  fermenting  ability  of  the  bacteria: 

Sugars:  Dextrose,  galactose,  lactose,  saccharose,  raffinose.  Alco* 
hols:  Mannite,  glycerin.  Starches:  Inulin,  wheat  starch.  Glucoside: 
Salicin. 

The  ability  of  the  bacteria  to  reduce  nitrates  to  nitrites  was  shown 
by  growing  the  organisms  in  a  bouillon  composed  of  0.1  per  cent 
Witte's  peptone  and  0.02  per  cent  potassium  nitrate  (nitrite-free) 
for  14  days  at  30®  C.  (86°  F.)  and  then  testing  for  the  presence  of 
nitrites.  The  liquefaction  of  gelatin  by  an  organism  was  deter- 
mined by  inoculating  with  a  drop  of  milk  culture  on  the  surface  of 
the  tube  of  medium  and  incubating  for  30  days  at  18°  C.  (64.4°  F.) 
and  then  measuring  the  depth  of  liquefaction. 

Special  media. — For  ordinary  routine  plating  of  a  milk  sample,  and 
especially  for  the  determination  of  the  peptonizing  bacteria,  a  casein 
agar  was  devised,'  consisting  of  dissolved  chemically  pure  casein 
and  i^ar,  with  a  final  reaction  slightly  acid.  In  isolating  gas  formers. 
Smith  tubes  containing  lactose  peptone  bile  *  and  dextrose  liver  broth  * 
were  used. 

All  samples  of  milk  were  pasteurized  in  sterile  flasks  in  the  labora- 
tory. At  all  the  temperatures  except  60°  C.  (140°  F.)  and  65.6°  C. 
(150°  F.),  800  cubic  centimeters  of  milk  were  heated.  During  the 
few  experiments  at  those  temperatures  only  100  cubic  centim- 
eters of  milk  were  used.  In  all  the  experiments  the  period  of 
heating  was  30  minutes  from  the  time  the  pasteurizing  temperature 

1  Report  of  the  Committee  on  Standard  Methods  of  Bacterial  Milk  Analysis.  American  Joornal  ot 
Public  Hygiene,  new  series,  vol.  6,  No.  2,  pp.  315-346.    Colmnbus,  Ohio,  May,  1010. 

*  Ayen,  8.  Henry.  Casein  media  adapted  to  determining  bacteria  in  milk.  United  States  Department 
of  Agriculture,  Bureau  of  Animal  Industry,  Twenty-eighth  Annual  Report,  1911  (in  press). 

*  Jackson,  Daniel  D.  A  new  solution  for  the  presumptive  test  for  BadUut  coU.  Biological  Studies  ol 
Pupils  of  W.  T.  Sedgwick,  pp.  29^200.    BoeUm,  1906. 

*  Jackson,  D.  D.,  and  Muer,  T.  C.  Liver  broth.  A  medium  for  the  determination  of  gas-fonning  bacteria 
In  water  and  sewage.  Journal  of  the  American  Public  Health  Association,  vol.  1,  No.  12,  pp.  927-929L 
Urbana,  111.,  December,  1911. 
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was  reached.  The  methods  employed  throughout  this  investiga- 
tion make  the  results  comparable  with  those  obtained  by  pasteuri- 
zation in  sealed  bottles. 

tempebatx7b.es  ttsed  thboughoxjt  the  coxtntbt. 

It  was  necessary  to  ascertain  the  temperatures  most  universally 
used  at  milk  plants  in  this  country  in  order  that  an  average  tempera- 
ture might  be  employed  in  these  experiments.  Circular  letters 
were  therefore  sent  to  pasteurizing  plants  in  nearly  all  cities  with 
a  population  of  over  25,000.  RepUes  showed  that  the  average  tem- 
perature with  the  "holder''  process  was  62.8°  C.  (145*"  F.).  With 
the  "flash''  process  71.1°  C.  (160°  F.)  was  about  the  average.  The 
reports  from  219  milk  plants  which  pasteurized  showed  that  76  used 
the  "holder''  process  and  144  the  "flash*'  process. 

Assuming  that  the  correct  temperatures  for  pasteurization  are 
from  60°  to  65.6°  C.  (140°  to  150°  F.)  with  the  ^'holder  "  process,  then 
62  of  the  75  pasteurized  at  the  proper  temperature,  one  used  a  tem- 
perature too  low,  54.4°  to  57.2°  C.  (130°  to  135°  F.),  and  12  too  high, 
ranging  from  66.7°  to  76.7°  C.  (152°  to  170°  F.).  With  the  ^^flash" 
process  the  correct  temperature  was  assumed  to  be  71.1°  C.  (160°  F.)- 
As  there  is  usually  a  variation  in  the  range  of  temperature  during 
pasteurization,  the  maximum  and  the  minimum  given  by  each  plant 
have  been  averaged.  When  the  average  was  71.1°  C.  (160°  F.)  it 
was  assumed  that  the  proper  temperature  was  used.  It  was  found 
that  of  144  plants  using  the  ** flash"  process  only  61  used  the  correct 
temperature,  61  pasteurized  too  low  and  22  too  high.  The  low  tem- 
peratures ran  down  to  60°  C.  (140°  F.),  the  high  temperatures  up  to 
82.2°  C.  (180°  F.).  These  figures  show  a  decided  lack  of  uniformity 
of  temperatures  used  in  pasteurization.  The  temperatures  below 
60°  C.  (140°  F.)  with  the  ** holder"  process  render  no  protection  as 
far  as  the  destruction  of  pathogenic  organisms  is  concerned,  while 
those  above  65.6°  C.  (150°  F.)  only  increase  the  cost  of  pasteurization 
and  tend  to  reduce  the  cream  Une.  The  same  is  true  when  using  the 
*'flash"  process  below  or  above  temperatures  ranging  from  71.1°  to 
73.9°  C.  (160°  to  165°  F.). 

As  pasteurization  is  practiced,  the  milk  might  have  been  heated 
from  1  minute  at  60°  C.  (140°  F.)  to  30  minutes  at  76,7°  C.  (170°  F.) 
and  it  would  all  be  known  as  pasteurized  milk.  This  lack  of  uni- 
formity is  undoubtedly  due  to  a  misunderstanding  of  the  effects  of 
heat  on  the  bacterial  flora  of  milk. 


BACTERIAL  REDUCTIONS. 
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BACTERIAL    B.EDTJCTIONS    BY     LABORATORY   PASTEURIZATION, 

USING  THE   <<HOLDER"  PROCESS. 

Since  regulations  often  require  a  definite  percentage  bacterial 
reduction  and  as  the  efficiency  of  pasteurizers  is  based  on  the  same 
figures,  it  seemed  advisable  to  study  the  quantitative  bacterial  reduc- 
tions under  exact  laboratory  conditions. 

BACTERIAL  REDUCTIONS  AT  60°  C.(l40°  F.)   AND  65.6^  C.  (l50®  P.). 

In  these  experiments  the  milk  was  heated  in  sterile  flasks  in  a 
water  bath  at  a  temperature  of  60°  C.  (140°  F.)  and  65.6°  C.  (150°  F.) 
for  a  period  of  30  minutes.  The  temperature  recorded  by  a  ther- 
mometer in  the  milk  was  maintained  for  the  full  30  minutes.  Twelve 
samples  of  milk  from  dairy  X  were  used.  Each  was  divided  and  a 
portion  pasteurized  at  both  temperatures.  The  counts  were  made 
on  litmus  lactose  gelatin  incubated  at  18°  C.  (64.4°  F.)  for  six  days. 
Table  1  shows  the  total  counts  and  efficiency  of  the  process  as  deter- 
mined by  the  percentage  bacterial  reduction.  An  examination  of 
the  table  shows  that  the  raw  milk  was  of  poor  quahty,  having  a  high 
bacterial  count.  The  samples  pasteurized  at  60°  C.  (140°  F.)  showed 
a  high  count,  while  the  same  samples  at  65.6°  C.  (150°  F.)  showed  a 
low  count,  as  a  rule.  The  effect  of  the  few  degrees  of  heat  may  be 
plainly  seen.  At  the  lower  temperature  9  out  of  tlie  12  samples 
showed  a  reduction  of  less  than  99  per  cent,  while  at  the  higher 
temperature  only  4  showed  less  than  a  99  per  cent  reduction. 

Table  1. — Percentage  reduction  of  bacteria  by  laboratory  pasteurization^  iisingthe  "holder^* 

process — Paw  milk  obtained  from  dairy  X. 


Sample 
No. 

Raw  mUk. 

Pasteurized  at  60"  C. 
(140-    F.)    for   30 
mlnutAs. 

Pasteurized  at 
66.6'' C.  (150T.) 
for  30  minutra. 

Total  count. 

Total 
count. 

Percent- 
age re- 
duction. 

Total 
count. 

Percent- 
age re- 
duction. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 

33,900,000          200.000 
4,900,000           118,000 
5,060,000          130,000 
850,000    ,        32,000 
6,100.000            20,200 
8,400,000    :        23,000 
1,670,000    1      284.000 
4,100.000    i        74,000 
1,120,000    '        56,000 
4,800.000    •      153,000 
4.400,000          206.000 

12.300,000           I9('>,000 

1 

90.41 
97.59 
97.45 
96.23 
99.66 
99.72 
82.99 
98.19 
95.00 
96.81 
95.31 
98.41 

9,800 
12,300 
25,100 
26,500 
12,100 
12,600 
72,000 
28.500 
19,900 
19,800 
69,000 
40,000 

99.97 
99.74 
99.60 
97.00 
99.80 
99.85 
95.68 
99.30 
98.22 
99.58 
98.43 
99.67 

The  effect  of  pasteurization  on  the  bacterial  content  of  another 
series  of  12  samples  from  dairy  Y  was  studied  in  the  same  way. 
The  results  are  shown  in  Table  2.  It  may  be  seen  that  the  milk 
was  of  far  better  quality  than  that  from  dairy  X.    The  counts  of 
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milk  pasteurized  at  60®  C.  (140°  F.)  were  low  and  still  lower  at  the 
higher  temperature.  In  spite  of  the  low  counts  the  percentage 
bacterial  reductions  were  not  so  great  as  when  a  poor  grade  of  milk 
was  pasteurized  as  shown  in  Table  1.  Eleven  out  of  twelve  samples 
showed  a  reduction  of  less  than  99  per  cent  at  60®  C.  (140®  F.).  At 
S5.6®  C.  (150®  F.)  7  out  of  12  showed  a  bacterial  reduction  of  less 
than  99  per  cent.  A  comparison  of  Tables  1  and  2  show  that  the 
bacterial  content  after  pasteurization  of  the  better  grade  of  milk 
was  far  lower  than  that  of  milk  from  dairy  X,  which  contained  a 
lai^e  number  of  bacteria  before  heating.  If,  however,  the  efficiency 
of  the  process  is  studied,  the  higher  percentage  bacterial  reductions 
will  be  found  in  Table  1,  where  the  milk  was  of  poor  quality.  It  is 
very  evident  that  the  percentage  bacterial  reduction  is  of  no  value 
in  determining  the  quality  of  pasteurized  milk.  Compare,  for 
example,  sample  No.  1  in  Table  1  with  sample  No.  3  in  Table  2.  In 
the  first  case,  the  raw  milk  contained  33^900,000  bacteria  per  cubic 
centimeter  and  after  pasteurization  200,000  per  cubic  centimeter, 
which  is  a  percentage  reduction  of  99.41  per  cent.  In  the  second 
case,  raw  milk,  128,000  bacteria  per  cubic  centimeter  and  after 
pasteiuization  13,900  per  cubic  centimeter,  which  is  a  reduction  of 
only  89.14  per  cent.  A  99.41  per  cent  reduction  against  89.14  per 
cent,  and  yet  the  pasteurized  milk  in  which  only  89.14  per  cent  of 
the  bacteria  were  destroyed  was  far  superior  in  its  bacterial  content. 

Table  2. — Percentage  reduction  ofhacteria  by  laboratory  pasteurizationf  using  the  ^^  holder'^ 

process — liaw  milk  obtained  from  dairy  Y. 


Sample 
No. 

Raw  milk. 

Pasteurized  atOO**  C. 
(140»    F.)   for  30 
minutes. 

Pasteurised  at 
66.6''C.(150"'F.) 
for  30  minutes. 

Total  ootmt. 

Total 
ooont. 

Peroent- 
age  re- 
duction. 

Total 
count. 

Peroentr 
age  re- 
duction. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

2,500,000 

1,090,000 

128,000 

149,000 

600,000 

119,000 

108,000 

84,000 

160,000 

590,000 

2,900,000 

1,170,000 

27,600 

13,100 

13,900 

7,500 

16,400 

2,530 

1,890 

2,(300 

6,110 

13,200 

28,700 

34,100 

98.80 
98.79 
89.14 
94.96 
97.26 
97.87 
98.87 
96.90 
96.80 
97.76 
99.01 
97.08 

4,210 
2,320 
5,670 
3,100 

11,100 
1,020 
3,230 
2,720 
2,010 
7,100 

20.400 
3,560 

09.83 
99.78 
95.57 
97.91 
08.15 
99.14 
98.07 
96.76 
98.74 
98.79 
99.29 
99.69 

The  uselessness  of  figures  in  expressing  percentage  reductions  is 
further  shown  in  Table  3.  The  bacterial  content  of  12  samples  of 
milk  before  and  after  pasteurization  has  been  averaged,  two  grades 
of  milk  having  been  used.  While  the  percentage  reduction  is  approxi- 
mately the  same  at  60°  C.  (140°  F.)  the  average  bacterial  counts  vary 
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widely,  one  being  124,000  per  cubic  centimeter,  the  other  only  13,900 
per  cubic  centimeter.  At  65.6°  C.  (150°  F.)  while  the  percentage 
reduction  is  increased  to  98  per  cent,  the  bacterial  content  holds  the 
same  relation  as  at  the  lower  temperature. 

Table  3. — Compariton  of  the  average  bacWialcc 
— t.  J.- —  -■_  1— ',oT0  by  paiUumalion  at  60" 

AVERAOIS  OF  13  BAUPLES  IN  EACH  GRADE. 


Onid*. 

Rairndlk. 

PasteutiredatKCC. 
(IW  F.)  30  mJDuUa. 

P»sl«ufliedat«s.B*& 

(IIO*  F.)  30  mlDUMs. 

" 

par  cubic 

p«r  cubic 

Feremt 
ducUoD. 

Gradel..- 

7,a»,ooo 

804, OCO 

IM.OOO 

n,aoa 

B8,39 

28,  BOO 

98.40 

BACTERIAL  BEDUCTION   AT   62.8'   C.    (l45°F.). 

Another,  series  of  28  samples  of  milk  was  studied  in  a  similar  man- 
ner. The  results  are  shown  in  Table  4.  In  this  series  a  tempera- 
ture of  62.8°  C.  (145°  F.)  was  used  for  a  period  of  30  minutes.  All  of 
the  samples  of  raw  milk  contained  over  1,000,000  bacteria  per  cubic 
centimeter.  The  bacterial  counts  were  made  on  infusion  agar,  incu- 
bated at  30°  C.  (86°  F.)  for  six  days.  It  may  be  seen  from  the  table 
that  the  percentage  reductions  were  high,  only  3  out  of  28  being  less 
than  99  per  cent;  however,  13  of  the  pasteurized  samples  contained 
over  20,000  bacteria  per  cubic  centimeter. 


Raw  milk. 

P«gtaurliedBt82.S° 
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■ulnulec 
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The  results  of  similar  experiments  using  a  series  of  24  samples  of 
clean  milk  are  shown  in  Table  5.  The  bacterial  counts  of  the  pasteur- 
ized milk  were  very  low  as  a  rule  and  yet  14  of  the  24  samples  showed 
a  percentage  bacterial  reduction  of  less  than  99  per  cent.  Sample  17 
contained,  before  heating,  only  119,000  bacteria  per  cubic  centimeter; 
after  the  process  the  bacterial  content  was  20,800,  a  reduction  of  only 
82.52  per  cent.  This  sample  evidently  contained  a  high  percentage  of 
resistant  bacteria  which  were  able  to  withstand  the  process  of  pasteur- 
ization. From  these  results  it  is  apparent  that  r^ulations  of  boards  of 
health  calling  for  a  99  per  cent  reduction  of  bacteria  in  commercial  pas- 
teurization are  of  no  value.  As  a  general  rule,  it  may  be  said  that  the 
higher  the  bacteria  in  raw  mUk  the  greater  the  percentage  reduction 
through  pasteurization.  When  the  bacterial  content  of  milk  is  low  it  is 
almost  always  impossible  to  obtain  a  99  per  cent  reduction  of  the  bacte- 
ria. It  is  also  evident  that  bacterial  standards  for  pasteurized  milk  must 
not  be  set  below  the  limit  which  it  is  theoretically  possible  to  obtain. 
When  pasteurizing  in  the  laboratory  for  a  period  of  30  minutes  at 
62.8°  C.  (145°  F.)  under  conditions  which  permitted  no  reinfection 
of  the  milk,  the  bacterial  content  of  pasteurized  milk  was  by  no  means 
uniform.  Sometimes  the  counts  were  high  and  sometimes  low  and 
yet  the  maintenance  of  the  proper  temperature  of  pasteurization 
would  have  assured  in  all  cases  the  same  degree  of  protection  from 
pathogenic  organisms. 

Table  6. — Efficiency  of  the  * '  holder  "  process  ofpasUjirization  under  laboratory  ctmditioni, 
using  raw  milk  with  a  bacterial  content  less  than  1^000,000  per  cubic  centimeter. 


Sample 
No. 

Raw  milk. 

Bacteria 

per  cubic 

ceutl  meter. 

Pasteurized  at  02.8^ 
C  (14,1-  F.)  for  30 

minutes.          , 

1 

Sample 
No. 

Riw  milk. 

Bacteria 

per  cubic 

centimeter. 

Pa8tai]rliedate2.8* 

C.  (145«F.)for30 

minutes. 

B^jt^f  '  Per^nt. 

Umeter.  '     "°"- 

1                ' 

Bacteria 
per  cu- 
bic cen- 
timeter. 

Percent- 
age rediKV 
tion. 

1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

11 

12 

372,000 

540,000 

410,000 

127.000 

143,000 

9.300 

18,100 

19,900 

5,300 

134,000 

300,000 

910 

2,330 

4,890 

1,170 

80 

765 

90 

180 

02 

34 

7,600 

t,600 

99.75 

99.46    ; 

99.09 

99.71 

99.93 

99.46 

09.03 

99.00 

99.68 

99.35 

94.40 

97.47 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

640,000 

970,000 

102,000 

118,000 

119,000 

137,000 

15,600 

9,800 

18,700 

25,900 

15,300 

9,900 

11,800 

46,000 

8,400 

9,000 

ao,8oo 

3,100 
300 
100 

1,340 
830 
334 
320 

97.81 
95.25 
94.81 
92.37 
82.62 
97.73 
98.07 
96.97 
92.83 
96.79 
97.81 
96.76 

THE   CONTROL   OF   PASTEURIZATION. 

The  control  of  the  process  of  pasteurization  should  be  by  bacterial 
limits  for  the  milk  which  is  to  be  used,  together  with  supervision  for 
the  maintenance  of  the  proper  pasteurizing  temperature  and  protec- 
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tion  against  reinfection.  The  bacterial  content  of  the  milk  will  then 
consist  only  of  those  organisms  which  are  able  to  withstand  the  tem- 
perature in  use. 

EFFECT  OF  XiONQ  HEATZNO  ON  THE  BACTEBIA  IN  MTTiK. 

In  some  milk  plants  a  holding  period  longer  than  half  an  hour  is 
employed.  It  seems  to  be  believed  that  an  increased  holding  period 
produces  a  greater  bacterial  reduction.  Several  experiments  were 
made  at  different  tem- 


ysfloo 
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peratures  and  for  dif- 
ferent periods  in  order  to 
gain  more  information 
on  this  point. 

THREE     hours'     PAS- 
TEURIZATION. 

In  order  to  determine 
the  effect  of  a  long  pe- 
riod of  pasteurization, 
milk  was  heated  in  ster- 
ile flasks  at54.4^C.(130^ 
F.),  57.2°  C.  (135°  F.), 
and60°C.(140°F.),and 
plated  every  half  hour 
for  three  hours.  The 
bacterial  counts  are 
shown  in  Table  6.  One 
sample  of  milk  was  di- 
vided and  a  portion 
heated  at  the  two  lower 
temperatures,  so  the 
bacterial  content  of  the 
raw  milk  was  the  same. 
The  sample  of  milk 
heated  at  60°  C.  (140°  F.)  contained  approximately  the  same  number 
of  bacteria  per  cubic  centimeter  and  was  from  the  same  dairy,  so  it 
is  probably  fair  to  compare  the  results.  After  one-half  hour's  heat- 
ing a  much  greater  reduction  was  observed  where  the  mUk  was  heated 
at  60°  C.  (140°  F.).  At  the  end  of  one  hour's  heating  the  bacterial 
content  of  the  milk  were  more  nearly  alike  and  continued  to  show  a 
gradual  reduction  throughout  the  three  hours  of  heating.  The  final 
examination  showed  that  the  bacterial  content  was  approximately 
the  same  in  all  the  samples  of  milk.  The  bacterial  reductions  are 
shown  better  by  the  curves  in  figure  1 .     It  is  evident  that  long  heating 

67796**— Bull.  161—13 3 


Fio.  1.— Bacterial  redaction  daring  pasteuiixatlon  for  three  hours 
at  64.4"»  C.  (130»  F.),  67.2«  C.  (136-  F.),  and  60*  C.  (140*  F.). 
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at  54.4°  C  (130°  F.)  and  57.2°  C.  (135°  F.)  Lb  of  more  value  titan  at 
60°  C.  (140°  F.),  as  shown  by  curves  A,  B,  and  C,  respectively.  From 
a  comparison  of  curves  A  and  C  it  seems  that  one  and  a  half  hours' 
heating  at  54.4°  C.  (130°  F.)  will  produce  as  great  a  bacterial  reduc- 
tion as  one-half  hour's  heating  at  60°  C.  (140°  F.).  It  must  not  be 
assumed,  however,  that  one  and  one-half  hours'  heating  at  54.4°  C. 
(130°  F.)  will  destroy  pathogenic  organisms  as  surely  as  will  one- 
half  hour's  heating  at  60°  C.  (140°  F.).  That  point  can  only  be 
determined  by  experiment. 

Table  6. — Bacterial  reduction  during  _pasteurizaUon  for  S  Jufurs  at  64.4°  C.  (130°  F.), 

57.2°  C.  (1S5°  F.),  and  60°  C.  {140°  F.). 


Temperature 
of 

Bacteria  per 
cubic  centi- 

Bacteria per  cubic  centimeter  In  milk  pasteurized  for— 

pasteuilza- 
Uon. 

meter  in 
raw  milk. 

ihour. 

Ihour. 

li  hours.    2  hours. 

1 

2}  hours. 

3  hours. 

•C.  '*F. 
54.4    130 
57.2    135 
60.0    140 

2,530,000 
2,530,000 
2,330,000 

75.000 
63,000 
20,800 

27,600 
15,400 
19,400 

19,400         13,200 
12,600    1      8,400 
14,100         12,400 

12,300 

7,900 

10,300 

9.200 
5,600 
8,700 

SIX   HOUBS'  PA8TEUBIZATION . 

A  similar  experiment  was  made,  using  a  six  hours'  period  of  heating 
at  62.8°  C.  (145°  F.).  In  order  to  meet  extreme  conditions  where 
the  effect  of  long  heating  might  show,  a  milk  containing  27,000,000 
bacteria  per  cubic  centimeter  was  selected.  Plates  were  made  e very- 
half  hour  during  the  period  of  heating.     Table  7  shows  the  results. 

Table  7. — Bacterial  reductions  during  pasteurization  for  6  hours  at  6t.8°  C.  {14S°  F.) 


Length  of 
pasteur- 
ization 
(hours). 

1 

Bacteria  per 
cubic  centi- 
meter. 

Length  of 
pasteur- 
<    isation 
(hours). 

Bacteria  i)er 
cubic  centi- 
meter. 

Raw 

I' 

27,000,000 
46,000 
46,000 
45,000 
65,000 
62,000 
54,000 

4 
6 

32,900 
31,200 
44,000 
35,700 
39,000 
34,500 

It  may  be  seen  that  there  was  little  difference  in  the  bacterial  reduc- 
tion produceci  by  a  half  hour's  heating  and  by  six  hours'  heating. 
There  were  numerous  variations  in  the  numbers  of  bacteria  as  deter- 
mined, but  they  were  within  the  experimental  error,  as  the  flask  of 
heated  milk  could  not  be  thoroughly  shaken.  In  this  experiment  the 
groups  of  bacteria  which  withstood  the  heating  were  determined.  The 
plating  was  done  on  infusion  agar  plates,  which  were  incubated  at 
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30®  C.  (86®  F.)  for  six  dayB.  The  plates  were  counted  and  then  each 
colony  picked  from  a  plate  and  inoculated  into  litmus  milk  tubes. 
After  14  days'  incubation  the  milk  cultures  were  examined  and  as 
a  result  of  the  reactions  shown  the  bacteria  picked  from  the  plates 
were  divided  into  five  groups,  the  acid  forming  and  coagulating,  acid- 
forming,  inert,  alkali-forming,  and  peptonizing  groups.  The  value 
of  this  method  of  determining  bacterial  groups  will  be  discussed  later 
in  this  paper.  Figure  2  shows  the  relations  of  the  groups  after  heat- 
ing one-half  hour,  three  hours,  and  six  hours.  The  acid-coagulating 
and  simple  acid-forming 
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groups  composed  the 
largest  portion  of  the 
bacteria  after  a  half 
hour's  heating  and  the 
same  after  six  hours' 
pasteurization.  It  may 
be  seen,  however,  that 
the  percentage  of  the  \^^ 
acid-coagulating  group  ^^^ 
was  reduced  by  the 
heating  for  six  hours. 
It  seems  probable  that 
the  heating  weakened 
the  activity  of  the  acid- 
forming  bacteria  so  that 
in  the  litmus  milk  tubes 
not  enough  acid  was 
produced  to  coagulate 
the  milk  in  the  14  days' 
incubation  period. 
That  would  result  in  a 
lowering  of  the  percent- 
age of  the  acid-coagulating  group,  while  increasing  at  the  same  time 
the  simple  acid-forming  group.  The  percentage  of  the  alkali  and 
peptonizing  groups  was  extremely  low  throughout  the  experiment. 
In  figure  3  the  group  percentages  have  been  plotted  at  every  half 
hour's  sampling  and  gives  a  more  complete  picture  of  the  changes 
in  the  bacterial  groups.  The  changes  in  the  group  percentages 
between  three  and  one-half  and  four  hours  is  undoubtedly  due  to  the 
errors  in  sampling  and  inaccuracy  of  the  method  of  the  bacterial 
group  differentiation. 


FiQ.  2.— Bacterial  reduction  during  pasteurixation  for  six  hours  at 
62.8"  C.  (145<*  F.).   Plotted  after  one-half,  three,  and  six  hours. 
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EFFECT  OF  STJBDBN  OOOUNO  OH  THE  BACTEBIA  IN  PASTEtTBIZBD 

The  sudden  cooling  of  the  hot  milk  after  pasteurization  has  been 
considered  by  many  to  be  an  essential  part  of  the  process.     It  was 
believed  that  the  sudden  change  from  hot  to  cold  aided  in.  the  destruc- 
tion  of    the    bacteria. 
In  the  recent  develop- 
ments of  the  process  of 
pasteurization,  how- 
ever, this  opinion  lost 
ground,  although  at  the 
.  present  time  thei-e  are 
i  tliose  w)io  still  believe 
!  in  its  value.    In  order 
I  to  throw  light  on  this 
point    a    few    experi- 
I  ments  were  made  under 
1  laboratory    conditions. 
Samples  of   milk  were 
pasteurized    in    sterile 
flasks,  then  cooled  by 
running     through     a 
sterile  copper  coil  sur- 
rounded by  brine  into 
I  another    sterile     flask. 
Table  8  shows  the  results 
of      tlie      experiments. 
Two    samples   of   milk 
were     pasteurized    at 
62.8°  C.  (146°  F.)  for  30 
minutes,  tlien  cooled  in 
15seconda  to  from  1.7°- 

3.9°  c.   (sso-sg"  F.). 

FiO.  3.— Bictertalrednctton  during  paeWurliMlon  tor  eii  boon  at  The  experiment  WaS  TO- 
W.8*  C.  (!«•  F.).    Plolled  every  ball  hour.  ,     j  ■  ■     j 

peated,  using  a  period 
of  30  minutes'  heating  at  71.1°  C.  (160°  F.).  The  bacterial  content 
of  the  milk  before  and  after  cooling  was  approximately  the  same,  the 
differences  always  being  within  the  limits  of  experimental  error.  It  is 
evident  from  the  results  shown  in  the  table  that  sudden  cooling  is 
of  no  value  in  causing  a  destruction  of  bacteria,  at  least  not  at  the 
temperatures  used  in  the  experiments. 


BACTERIAL  GROUPS. 
Table  8. — Effect  ofsvdden  cooling  on  the  bacterial  content  of  pasteurized  milk. 
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Sample 
No. 

Bacteria 

{Mr  cubic 

centimeter 

In  raw 
milk. 

Pasteurized  at  62.8*  C. 
(145*F.)30minut4^.    j 

Sample 
No. 

Bacteria  per 
cubic  centi- 
meter in  raw 
milk. 

Pasteurized  at  71. !•€. 
(160»F.)  30  minutes. 

Bacteria 

per  cubic 

centimeter 

In  milk 
not  cooled. 

i 

Bacteria   ' 

per  cubic 

centimeter ' 

in  cooled   i 

milk. 

Bacteria 

per  cubic 

centimeter 

inmUk 
not  cooled. 

Bacteria 

per  cubic 

centimeter 

in  cooled 

milk. 

1   . 
2 

186.000 
233,000 

8,600 
1,470 

8,500    ' 
2.160 

3 

4 

400.000 
1,350,000 

1.880 
1,750 

1,950 
1,700 

The  value  of  sudden  cooling  then,  lies  in  the  fact  that  milk  after 
pasteurization  is  not  allowed  to  cool  slowly  through  temperatures 
below  37.8°  C.  (100°  F.)  where  a  rapid  development  of  bacteria  might 
occur. 

GBOTTPS  OF  BACTBBIA  WHICH  ST7BVIVE  PASTETTBIZATION. 

The  most  important  feature  of  this  investigation  has  been  the 
determination  of  the  various  groups  of  bacteria  which  survive  the 
process  of  pasteurization.  These  bacteria  form  the  basis  of  the 
bacterial  growth  in  pasteurized  milk. 

GRADES   OF   MILK   STXTDIED. 

Since  the  bacterial  groups  in  various  grades  of  milk  vary  with  the 
quality  of  the  milk,  it  was  decided  to  examine  three  grades — one  of 
poor  quality,  one  of  fair  quality,  and  one  of  good  quality.  The 
bacterial  content  of  each  of  the  samples  of  the  three  grades  has  been 
averaged  as  shown  in  Table  9.  With  poor  milk  designated  grade  A, 
the  average  of  20  samples  showed  a  bacterial  content  of  32,950,000 
per  cubic  centimeter.  An  average  of  24  samples  of  grade  B  showed 
3,451 ,000  per  cubic  centimeter,  while  tlie  average  bacterial  count  of  12 
samples  of  grade  C  milk  showed  24,700  per  cubic  centimeter. 

Ta  B LE  9 .  — Grades  of  m  ilk  st  udied. 


Grade. 

Average 
number  of 

bacteria 

"per  cubic 

centimeter. 

Number 

of 

samples 

averaged. 

A 
B 
C 

32.950,000 

3.451.000 

24,700 

20 
24 
12 

METHODS. 


In  the  determination  of  the  bacterial  groups  a  method  was  employed 
which  may  be  designated  as  the  milk-tube  method.  This  method,  as 
described  earlier  in  this  paper,  consists  in  picking  off  each  <;olony  on 
the  plate  and  inoculating  it  into  litmus  milk  tubes.     The  milk  tubes 
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were  incubated  for  14  days  at  30°  C.  (86°  F.),  and  the  bacteria  from 
the  plate  were  then  divided  into  groups  according  to  the  reactions 
which  they  produced  in  the  litmus  milk  tubes.  By  using  this  method 
it  was  possible  to  divide  the  bacteria  developing  on  a  plate  into  five 
groups,  namely,  the  acid-forming  and  coagulating,  the  acid-forming, 
the  inert  which  produce  no  change  in  milk,  the  alkali-forming,  and 
the  peptonizing  groups.  The  acid-coagulating  and  the  acid-forming 
groups  are  not  necessarily  composed  of  distinct  organisms,  although 
the  acid-coagulating  group  probably  included  organisms  which 
always  coagulate  milk,  and  in  the  acid  group  there  are  undoubtedly 
bacteria  which  never  coagulate  milk.  The  bacteria  were  divided  by 
the  reaction  in  litmus  milk  after  incubation  for  14  days  at  30°  C. 
(86°  F.).  It  is  impossible  by  the  ordinary  method  of  plating  on 
litmus  lactose  gelatin  to  separate  the  alkali-forming  bacteria  from 
those  which  are  inert  on  gelatin  on  account  of  the  fact  that  colonies 
of  alkali-forming  bacteria  on  litmus  lactose  gelatin  plates  do  not  form 
enough  alkali  to  produce  a  change  of  the  litmus.  The  alkaU  and 
inert  groups  must  then  be  classed  together  and  also  include  acid-form- 
ing bacteria  which  do  not  produce  enough  acid  to  give  a  red  coloration 
on  the  plate. 

In  order  to  show  the  value  of  the  tube  method  a  comparison  with 
the  plate  method  was  made.  Four  different  samples  of  milk  were 
used,  a  portion  of  each  being  heated  to  60°  C.  (140°  F.)  and  also 
65.6°  C.  (150°  F.).  The  pasteurized  milk  was  then  plated  on  litmus 
lactose  gelatin  plates  which  were  incubated  at  18°  C.  (64.4°  F.) 
for  six  days.  A  differential  count  was  then  made  of  the  acid-forming, 
alkali  or  inert,  and  the  peptonizing  colonies.  After  counting,  the 
colonies  were  picked  off  and  inoculated  into  litmus  milk  in  order  to 
complete  the  milk-tube  method.  The  results  of  the  experiments  are 
shown  in  Table  10.  It  may  be  plainly  seen  that  the  plate  method 
was  very  inaccurate.  The  percentage  of  the  acid  group  of  bacteria 
was  always  increased  by  the  milk-tube  method  of  differentiation,  and 
the  alkali  or  inert  groups  were  decreased. 

Table  10. — Comparison  of  the  milk-tube  and  plate  methods  for  the  determination  of  the 

bacterial  groups  \n  milk. 


Sample 
No. 

Temperature 
of  heating. 

Acid  group. 

Alkali  or  inert 
group. 

Peptonixing  group. 

Milk- 
tube 
method. 

Plate 
method. 

Milk- 
tube 
method. 

Plate 
method. 

Milk- 
tube 
method. 

Plate 
method. 

1 
1 
2 
2 
3 
3 
4 
4 

60.0   140 
65.6    150 
60.0    140 
65.6    150 
60.0    140 
65.6    ISO 
60.0    140 
65.6    150 

Per  cent. 
73.21 
76.68 
62.29 
77.89 
58.39 
94.36 
92.17 
90.64 

Percent. 
58.73 
56.96 
25.15 
12.93 
34.35 
45.68 
66.37 
49.41 

Per  cent. 

16.07 

11.01 

35.16 

18.95 

32.83 

4.83 

7.25 

7.20 

Percent. 
40.21 
41.79 
72.32 
86.20 
58.77 
52.15 
42.64 
60.58 

Percent. 

10.71 

13.30 

2.54 

3.15 

8.75 

.80 

.56 

2.15 

Percent. 
1.05 
1.24 
2.52 

.86 
6.87 
2.15 

.98 
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Usually  the  peptonizing  group  of  bacteria  was  also  increased. 

The  differences  in  the  differentiation  of  the  bacterial  groups  is 
shown  graphically  in  figure  4.  The  bacterial  flora  of  four  samples  of 
milk  pasteurized  at  60°  C.  (140°  F.)  as  shown  by  averages  and  deter- 
mined by  the  plate  method  consisted  of  43.65  per  cent  of  the  acid 
group,  53.48  per  cent  of  alkali  or  inert  group,  and  2.85  per  cent  of 
the  peptonizing  group.  When  determined  by  the  milk-tube  method 
the  group  percentages  were  changed  to  71.51  per  cent  of  the  acid 
group,  22.83  per  cent  of  the  alkah  or  inert  group,  and  5.64  per  cent  of 
the  peptonizing  group. 

When  milk  was  pas- 
teurized at  66.6°  0.(150° 
F.)  there  were  marked 
differences  in  the  bacte- 
rial flora  when  determ- 
ined by  the  two  methods 
(see  fig.  4).  Jhe  re- 
sults from  four  samples 
were  averaged.  As  de- 
termined by  the  plate 
method  the  bacterial 
flora  consisted  of  41.24 
per  cent  of  the  acid 
group,  57.68  per  cent  of 
the  alkali  or  inert  group , 
and  1 .06  per  cent  of  the 
peptonizing  group. 
When  determined  by 
the  milk-tube  method 
the     percentages    were 

changed     to     84.64     per      rio.4._con.p»b»n<.f  tli.mllk-tul«»ndpK.Um«.hodtorlhe 
cent   of  the  acid  group,  dewrmlnatloD  of  the  bsftOTla!  groupa  In  milk. 

10.49  per  cent  of  the  alkali  or  inert  group,  and  4.85  per  cent  of  the 
peptonizii^  group.  It  is  evident  from  these  experiments  that  the  milk- 
tube  method  was  much  superior  to  the  litmus  lactose  gelatin  plate 
method  of  differentiation.  Its  advantages  may  be  summarized  as 
follows: 

1,  The  milk-tube  method  is  more  accurate  than  the  plate  method 
for  the  differentiation  of  bacteria  into  groups. 

2,  It  is  possible  by  this  method  to  separate  the  alkali-forming 
group  of  bacteria  from  the  inert  group,  which  is  not  possible  on  lit- 
mus lactose  gelatin  plates. 

3,  The  activity  of  the  bacteria  in  the  various  groups  can  to  some 
extent  be  determined  by  their  abihty  to  produce  changes  in  litmus 
milk  after  various  lengths  of  incubation. 
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THE   BACTERIAL  GROUPS   IN   GRABE   A   MILK    BEFORE    AND   AFTBB  PAS- 
TBUBIZATION   FOR  30  UINUTE8   AT  62.8°   C.   (145°  F.). 

Throughout  the  study  of  the  bacterial  groups  in.  rnw  and  pasteur- 
ized milk  the  milk-tube  method  of  differentiation  has  been  used. 
The  plating  was  on  infusion  agar,  which  was  incubated  for  six  days 
at  30°  C,  (86°  F.).  The  milk  used  in  the  first  experiments  was  of 
poor  quality  and  constitutes  grade  A  milk.  Pasteurization  was  per- 
formed in  sterile  flasks 
^^^  and  heated  in  a  water 

"^^^  bath  for  30  minutes  at 

62.8°C.  (145°F.).  The 
percentage  of  the  differ- 
ent bacterial  groups  was 
determined  before  and 
after  pasteurization  of 
the  milk.  In  order  to 
show  the  results  in  the 
most  simple  manner  the 
group  percentages  of  10 
samples  of  rawmilk  and 
12  of  pasteurized  milk 
have  been  averaged  and 
are  shown  graphically 
in  figure  h.  The  aver^ 
age  of  the  total  acid 
group  in  raw  milk  was 
46.88  per  cent  of  the 
total  bacteria.  After 
pasteurization  the  per- 
centage was  increased 
to  79.78  per  cent.  The 
acid  coagulating  group 
was  decreased  from 
36.17percenttol7.91  percent.  Theinertgroupwasalsodecreasedand 
the  alkali  group  slightly  increased,  from  6.47  per  cent  to  9.77  per 
cent,  which  was  due  to  the  averaging  of  one  sample  of  pasteurized  milk 
which  was  exceptionally  high  in  the  percentage  of  the  alkali  formers. 
The  peptonizing  group  was  decreased  from  17.31  per  cent  in  the  raw 
milk  to  1.39  per  cent  in  the  pasteurized  milk.  These  results  are  most 
striking  in  so  far  that  they  are  contrary  to  the  most  generally  accepted 
ideas  of  tiie  effect  of  pasteurization  on  the  bacterial  flora  of  milk. 


/tAi¥ 


BAOTEEIAL  GB0UP8. 


AGIO 


THE  BACTERIAL  GROUPS  IN  ORADB   A  MILE  BEFORE  AND  AFTER  PAB-^ 
TEUHIZATION   FOB  30  MINUTES   AT   71.1°   C.    (160°   F,}. 

A  second  set  of  experimente  was  made,  using  grade  A  milk  which 
was  pasteurized  at  71.1°  C.  (160°  F.)  for  30  minutes  and  examined 
in  the  same  manner  as  before.  The  averaged  results  of  five  samples 
of  raw  and  six  samples  of  pasteurized  milk  are  shown  in  figure  6. 
The  changes  in  the 
bacterial  groups  were  /«io 

about  the  same  as  at  ''-X 

62.8°  C.  (145°  F.). 
While  the  percentage 
of  the  total  acid  group 
was  higher  than  in  the 
r"i)k  pasteurized  at 
the  lower  tempera- 
tures, it  will  1)6  seen 
that  the  percentage  of 
the  acid-coagulating 
group  was  smaller. 
The  acid  group  was 
made  up  laigely  of 
slow  acid-forming  or- 
ganisms, as  will  be 
shown  later.  The 
alkali  group  was  re- 
duced and  the  pepton- 
izing group  reduced 
from  16.26  per  cent 
in  the  raw  to  0.53  per 
cent  in  the  pasteurized 


THE    BACTEKIAL   GROUPS   IN   GRADE   B   MILK   BEFORE    AND   AFTEH  PAS- 
TEURIZATION  FOR   30  MINUTES   AT  62.8°  C.  (145°  F.). 

The  same  experiments  were  repeated,  pasteurizing  a  better  quaUty 
of  milk,  grade  B,  at  62.8°  C.  (145°  F.).  The  averaged  results  of  17 
samples  of  raw  and  20  samples  of  pasteurized  milk  are  shown  in  figure 
7.  The  total  acid  group  was  increased  from  22.72  per  cent  in  the 
raw  to  66.76  per  cent  in  the  pasteurized  milk.  It  will  be  noticed  that 
the  acid-coagulating  group  was  increased  from  12.98  per  cent  to 
31.89  per  cent  in  the  pasteurized  milk.  The  alkali  and  peptonizing 
groups  were  reduced  from  19.66  per  cent  to  5.63  per  cent  and  from 
14.10  to  3.59  per  cent,  respectively. 
67796°- Bull.  161—13 4 
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THE    BACTERIAL  GHOUFS   IN   GRADE   C  MILK   BEFORE    AND    AFTER   PAS- 
TEURIZATION  FOR  30   MINUTES   AT  62.8°  C.  (145°  F.). 

A  third  grade  of  milk  of  good  quality,  grade  C,  'waa  studied 
in  the  same  maimer  as  the  other  grades.  The  percentage  of  the 
various  bacterial  groups  changed  in  a  similar  manner  as  in  the  other 
experiments.  The  milk  was  pastemized  for  30  minutes  at  62.S°  C. 
(145"  F.).  Figure  8  shows  the  averaged  results.  It  may  be  seen 
that  again  the  total  acid  group  was  increased  in  percentage  from 
40.70  per  cent  to  73.10  per  cent  of  the  total  bacteria.  The  acid- 
coagulating  group, 
however,  decreased  in 
percentage  from  33.85 
,  per  cent  to  11.85  per 

''^'^  cent.  All  the  other 
groups  were  decreased 
in  their  percentage  by 
pasteurization.  These 
results  show  that  in- 
stead of  the  acid-form- 
\3Aff9  ™^  bacteria  being 
destroyed  by  pasteuri- 
zation they  were  ac- 
tually increased  in 
their  percentage  of 
f  the  total  bacteria  sur- 

\zAOO    viving  the  process. 
[  This  does  not  mean 

/  that  there  were  greater 

\s€3     numbers  of  acid-form- 
).2Ja     ing  bacteria  after 
^AW  f*^S7Sy/7/z£0  pasteurization  but 

>W^ffl^5  "^««^y  *^''*  *  greater 
™  and  art™  paaieuri-  percentage  of  the  bac- 
***  *■■'■  teria    in    pasteurized 

milk  Were  of  the  acid-forming  group  than  in  the  milk  before  heat- 
ing. The  percentage  of  the  other  groups  was  lowered  by  pasteuri- 
zation. This  is  of  particular  interest  in  the  case  of  the  peptonizing 
group,  which  has  been  believed  to  constitute  the  majority  of  the 
bacteria  which  survive  the  heating  process.  It  must  be  remembered 
that  these  results  apply  for  the  most  part  to  mUk  pasteurized  at 
62,8°  C.  (145°  F.),  although  they  hold  for  the  few  samples  studied 
which  were  heated  at  71.1°  C.  (160°  F.).  So  far  as  the  practical  side 
is  concerned,  oidy  the  results  at  62,8°  C,  (140°  F.)  are  of  value,  for 
the  Jiigher  temperatures  are  seldom  used  in  commercial  work. 
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TH£    BACTERIAL    GROUPS    IN    MILK    PASTEURIZED    AT    HIGH 
TBMFEHATURES, 

In  order  to  determine  the  bacteria  which  survive  pasteurization 
at  high  temperatures,  the  bacterial  groups  were  detennined  by  the 
milk-tube  method  in  seven  samples  of  milk.     Two  samples  were 
pasteurized  at  76.7°  C.  (170°  F.),  three  at  82.2°  C.  (180°  F.),  one  at 
87.8°  C.  (190°  F.),  and  two  at  93.3°  C.  (200°  F.).     All  were  heated  in 
sterile  flasks  and  the  temperatures  held  for  30  minutes.    The  per- 
centages of  the  bacterial  groups  have  been  averaged  at  each  temper- 
ature and  are  shown 
in  figure  9.     It  will  be 
seen  that  even  at  76.7° 
C.  (170°  F.)  a  large 
percentage  of  the  acid- 
forming     group     was    cqA6UL 
found,  the  percentage         33.1 
of  the  total  acid-form- 
ing  group,  including 
both  the  acid-coagulat- 
ing and  the  simple  acid- 
forming  group,  being 
80.91  per  cent.     The 
bacteria  of  this  group, 
however,    produced 
acid  very  slowly, which 
differentiates     them 
from'  those  which  sui^ 

vive  at  lower  tempera-  -*  ' 

tures.    An  increase  in 
the  percentage  of  the    ^^'^ 
peptonizing     group 

over  that  at  the  lower  .fl4*v 

temperatures  is  notice- 
able.   The  average  per-     FiQ.  8-~Buterlal  groups  id  gmteCmllk  before  and  after  putauiiia' 

centage  of  the  pepton- 
izing group  at  62.8°  C.  (145°  F.)  ranged  from  J.39  per  cent  to  4.47  per 
cent  in  three  grades  of  milk.  At  71.1°  C.  (160°  F.)  the  percentage  was 
0.53  per  cent,  while  at  76.7°C.  (170°  F.)  it  was  increased  to  7.25  per  cent. 
The  increase  is  of  course  produced  by  the  greater  destruction  of  the  other 
groups.  At  82.2°  C.  (180°  F.)  a  distinct  change  took  place  in  percentage 
of  the  groups  which  survived  the  heating.  The  acid  group  was  reduced 
greatly,  while  the  peptonizing  group  was  increased  to  68.12  per  cent 
of  the  total  bacteria.  The  alkali  group  comprised  16.08  per  cent  of 
the  bacteria,  which  is  evidently  a  very  high  average.  If  a  large 
number  of  samples  bad  been  studied,  the  average  percentage  of  the 
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group  would  have  probably  been  very  low,  since  at  71.1°  C.  (160"  P.) 
and  76.7"  C.(170'*  F.)  only  a  very  small  percentage  survived.  The 
bacterial  groups  at  the  higher  temperatures  were  similar  to  those  at 
82.2°  C.  (180°  F.).  The  almost  total  absence  of  the  acid-coagulating 
group  and  the  low  percentage  of  the  acid  group,  together  with  the 
high  percentage  of  the  peptonizing  group,  is  very  noticeable. 

THE  AOTIVITY  OF  BACTEBIA  OF  THE  VAUIOXTB  GBOUFS  ISOLATED 
FROM  RAW  AND  PASTBUItlZBD  KELK  HBASUBED  BT  THEIR 
ABUJTT  TO  PROD17CE  CHANQES  IN  IJTICtTS  HXLE  AfTBR  DIF- 
FERENT LENOTHS  OF  IHC1TBATI0N. 

The  activity  of  the  bacteria  found  in  raw  and  pasteurized  milk  is 
important  since  acid-forming  bacteria  which  coagulates  milk  in  48 
hours  produce  a  more  normal  souring  in  pasteurized  milk  than  the 
slow    acid  -  producing 
forms  which  may  be 
,,,,■*«  overgrown  by  the  pep- 

*•  tonizing  bacteria.    Or- 

ganisms of  the  pep- 
tonizing group  which 
cause  peptonization 
rapidly  are  of  far 
greater  importance 
than  those  which  re- 
quire long  incubation 
to  produce  changes  in 
^^g  mUk.     During  the  de- 

■  termination  of  the  bac- 

no.9.-B«!tortol  group,  whkhsurvlTepeaWariratfonfof  TO  min-      ^^"^     gTOUpS     by    the 

utM  at  76.7*  c.  (iTo*  F.).  S2J!"  c.  (iso-F.), «!.» c.  (iw  F.),  and  milk-tube  method  the 
reactions  produced  by 
the  different  cultures  of  bacteria  were  recorded  after  2,  5,  and  14  days' 
incubation.  The  length  of  time  required  to  produce  changes  in  litmus 
nulk  served  as  a  measure  of  the  activity  of  the  culture.  It  then  fol- 
lows that  the  changes  in  the  group  relations  as  determined  by  the 
litmus  milk  tube  reactions  gave  a  general  indication  of  the  activity 
of  the  bacteria  which  composed  the  group. 

The  activity  of  bacteria  of  the  various  groups  isolated  from  three 
grades  of  milk  has  been  studied. 

GRADE    A    MILK    BEFOKE  AND    AFTER    PASTEURIZATION  AT   62.8°  C, 
(145°   P.)  FOR   30  MINtlTBB. 

The  results  shown  in  Table  1 1  indicate  the  rapidity  of  the  growth  of 
the  bacteria  of  the  various  groups  isolated  from  milk  before  and  after 
pasteurization  at  62.8°  C.  (1^"  F.)  as  measured  by  their  ability  to 
produce  a  change  in  litmus  milk.    As  may  be  noted  from  the  table, 
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plates  were  made  of  icfusion  and  casein  agar  and  the  colonies  develop- 
ing on  each  medium  were  picked  off  and  differentiated  by  the  tube 
method.     The  group  percentages  in  the  table  represent  the  average 
of  a  number  of  samples.    In  general  it  may  be  said  that  casein  agar 
seemed  to  favor  the  growth  of  the  alkali  forming  and  the  peptonizing 
bacteria  so  that  their  group  percentages  were  usually  higher  when 
determined  on  that  medium.     In  order  to  show  the  reaiilts  more 
plainly  the  averages  have  been  plotted  as  shown  in  figure  10.    The 
blocks  in  the  columns  represent  the  bacterial  group  percentages 
determined  by  the  tube  method  after  2,  5,  and  14  days'  incubation  in 
milk.     The  column  at  2  days,  for  example,  shows  the  group  percent- 
ages determined  by  the  reactions  of  the  colonies  picked  from  an 
infusion   agar   plat«. 
The    percentages    were 
determined    by  the  re- 
actions of  fhe  milk  tubes 
after  2  days'  incubation 
at  30°  C.  (86°  F.).    The 
tubes  were   then  incu- 
bated for  3  days  more 
and  the  group  percent- 
ages again    determined 
-  by  the  reactions.     Incu- 
bation was  then  contin- 
ued for  14  days,  when 
the  final  reactions  were 
recorded.     The  figure 
shows  that  the  percent- 
age  of    the    total   acid  ^--^-^/r  ^^^^^^"^ 
group  was  greater  in  raw  som^wtes 

•  n         tt  L  J         I     Pio- 10.— Changes  in  Uw  bacterial  group  nlstioDs  iD  grade  A  mltk 

milk  after  two  days  wheDdMermlDedbylitmusnilltreMHonsariercilfferentleQgthfl 
incubation  than  in  pas-  "'  '°™'>atioii.  uiik  pasteuriad  at  st.t'  c.  (hs*  f.)  tor  3o 
teurized.     Afterfive 

days,  however,  the  total  acid  group  was  higher  in  percentage  in 
pasteurized  milk.  After  14  days  the  total  acid  group  in  pasteurized 
milk  was  much  larger.  This  shows  that  the  bacteria  of  the  acid 
group  in  pasteurized  milk  develop  slower,  or  at  least  produce  acid 
slower,  than  those  in  raw  milk.  Since  the  differentiation  of  the 
groups  was  based  on  the  change  prbduced  in  litmus  milk  by  the  bac- 
teria, it  may  be  seen  from  the  figure  that  as  a  rule  the  alkali-forming 
bacteria  did  not  develop  enough  alkali  to  change  the  color  of  litmus, 
which  differentiates  them  as  belonging  to  the  alkali  group,  until  the 
fifth  day  of  incubation.  While  the  figure  may  seem  rather  comph- 
cated,  a  careful  study  clearly  shows  the  difference  in  the  bacterial 
groups  in  raw  and  pasteurized  milk  based  on  the  rapidity  with  which 
they  produce  changes  in  htmus  milk. 
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Table  11. — Changa  in  the  bacUrial  group  relation*  in  grade  A  mili  idim  drlermintd  Irg 

litmiumilt  reactiont  after  different  length*  of  ineubatton — Milk  p<utturiud  at  61.8°  C. 
045°  F.)/or  SO  minuUt. 


l4iruilon  Kpu  ptat«.                                      Casein  a«u  pUa. 

B«««itoie™ii« 

»...«». 

I'asuuriird  milk. 

Raw  milk.              Paslcuriud  milk. 

■days.  !  days.  ,  day*. 

daj™. 

days.  [  d^s. 

4. 

«.k 

It            2 
daj-s.     days. 

d^s. 

di^ 

Per  a. 

24.11 
18.08 
42.M 
1.20 

w.na 

Pff«.  per  a. 
32.72     36.17 
14.  «4      10.71 

33.23     2».3I 

Peru. 

6.01 

le.Di 

74.89 
'.7» 

Pad.  Pact. 

4g!oi      Bl!s7 
35.13      9.06 

Ptra. 

Ftrel. 

16.96 

fi.N 
17.04 

32!99 

Per  a. 

Paet, 

4z.n 

48.07 
4.17 
.02 

^^S 

Peploniilng 

1.30 

Total 

W.flS     98.97 

99.99 

99.»!    lOO.OOl  99.97 

99.  W 

99.97      99.07 

99.07  199.98 

Number  of  »m- 

,. 

,.'    ,. 

12 

■J         „i           7 

,\     ,     ,. 

10  '        10 

OBADB   A   MILS   BEFORE    AND  AFTER  PASTEUItlZATlOX   FOK   30   MINIATES 

AT  71.1°  C.  (160°  F.}. 

Earlier  in  tliis  paper  it  was  shown  that  the  percentage  of  the  total 
acid  group  was  higher  in  grade  A  milk  pasteurized  at  71.1°  C.  (160" 
F.)  than  at  62.8°  C.  (145°  F.).  It  ia  natural  to  suppose,  then,  that 
milk  pasteurized  at  the  higher  temperatures  would  sour  more  quickly 
than  when  heated  at  the  lower  temperatures.     Such  is  not  the  casCf 

however;  first,  because 

^  the   total   number  of 

bacteria  are  less  in  the 
milk  pasteurized  at 
71.1°C.(160°F.),and, 
second,  because  the 
acid  group  of  bacteria 
is  less  active.  This 
last  reason  is  shown 
by  the  changes  in  the 
bacterial  group  rela- 
tions as  determined  in 
litmus  milk  by  differ^ 
ent  lengths  of  incuba- 
^B^"*  tion.    Table  12  shows 

the    averaged    group 
>M^««A-  m*ai^^^^    percentages   deter- 

*>-^w  j^j^gj  jj^m  infusion 

M  bacterial  groQp  relations  In  gmile  A  milk  wbcD 

tiooaafierdurenDt  lengths oiiDcu-    and  casem  agar plates. 
i-c.(i60-F.)tor30minat«.  ^^^  results  are shown 

to  better  advantage  in  figure  11,  It  will  be  noticed  that  after  two 
days'  incubation  only  a  small  percentage  of  acid-forming  bacteria 
were  retxjrded  in  the  pasteurized  milk  and  none  of  the  acid-coagulat- 
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ing  group.  After  five  days  the  acid  group  was  increased  greatly,  but 
there  was  only  an  extremely  small  percentage  of  the  acid-coagulating 
group.  Even  after  14  days'  incubation  the  reactions  showed  only  a 
small  percentage  of  the  acid-coagulating  group.  In  both  raw  and 
pasteurized  milk  the  slow  growth  of  the  alkali  group  is  shown  by  the 
fact  that  only  a  small  percentage  was  found  in  the  raw  milk  after 
five  days'  incubation  of  the  litmus  milk  tubes,  while  none  was  found 
in  the  pasteurized  milk  until  after  14  day^'  incubation. 

Table  \2.—Changa  in  tht  baeUrial  group  relalioni  h 
lUmii*  mitt  rtacliont  a/Ur  different  length*  o/incuba. 
{160°  F.)foT30minutel.      • 


Inliulon  igar  pUtn. 

mint. 

CuelD  ag»r  plat*s. 

BKWrial 

RawmUlc. 

Rsirmllk. 

Pastaurlied  milk. 

^„. 

d^s.  1  dijs. 

,.v 

d.V 

daj". 

dsyt 

(  1  » 

.k 

day^ 

dayi. 

Ac,d«»^.. 

Pircl. 
62. » 

PfTd.  Pert. 

'""■ 

Pntt. 

Ptta. 

Pa  ft. 

Pati.\Pact. 
K.ff.     47:^8 

Pna. 

Pird- 

Pirct. 

M.Sl     43.S1  i  87.88 

vi.K 

7U.10 

PeplDDUlDg... 

14.11 

.06 

.M 

.70 

ToUl 

w.M  Im-wtl  w.ii7|M.gs 

m.m 

ion. 00 

99. BS 

99.SBlM.aS 

B9.9R 

99.99 

99.96 

Numberornm 

•1    .|    .|    . 

e 

c 

9 

9            B 

■■ 

11 

" 

GRADE   B   UILK   BEFORE  AND  APrEB    PASTEURIZATION   FOR  30  UINITrES 
AT  62.8°  C.  (145°   F.) 

The  changes  in  the  bacterial  group  relations  determined  by  the 
milk-tube  method  after 
various  lengths  of  incu-  *»^ 
bation  showed  a  diffei^ 
ence  from  those  in  grade 
A  milk.  Table  13  shows 
the  averages  of  the  group 
percentages  which  are 
plotted  in  figure  12.  A 
study  of  the  plot  shows 
that  the  percentage  of 
the  total  acid  group  and 
the  acid  -  coagulating 
group  itself  was  greater 
in  the  pasteurized  milk    a»7» 

after  the  two  days'  in-  a*ys-^z    s    m  anrs-,.e    a    ^ 

cubation  period  than  in 
the  raw  milk.  In  other 
words,  the  activity  of   ^o.  i 

the  acid-producing  or-      Tf'^ta'S^™'"  '  "■"        '        "" 

genisms  which  survived 

the  heating  was  as  great  as  those  in  raw  milk.    The  reason  for  the 
difference  in  the  two  grades  of  milk  is  not  apparent. 
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Table  13. — Changes  in  the  bacterial  group  relations  in  ^ade  B  milk  when  determined  by 
litmus  milk  reactions  after  different  lengths  of  incubation — Milk  pasteurized  at  62. 8*^  U. 
{14S°  F.)for  SO  minutes. 


Infusion  agar  plates. 

Casein  agar  plates. 

Bacterial 
groups. 

Raw  milk. 

Pasteurized  milk. 

Raw  milk. 

Pasteurized  milk. 

2 
days. 

5 
days. 

14 
days. 

2 
days. 

5 
days. 

14 
dajrs. 

2 
dajrs. 

Perct. 
6.14 
4.67 

81.37 

.09 

7.69 

5 
days. 

Peru. 
7.66 
5.17 

66.89 
6.53 

13.73 

14 
days. 

2 
days. 

5 

days. 

14 
da3^ 

Acid  coagulat- 
ing  

Perct. 

6.59 

11.39 

73.45 

.21 

8.35 

Perct. 

9.54 
12.55 
58.04 

7.86 
11.99 

Perct. 
12.98 
9.74 
43.51 
19.66 
14.10 

Perct. 
20.05 
11.27 
67.46 

"i"2i 

Perct. 

23.12 

27.48 

45.02 

2.39 

1.98 

Perct. 
31.89 
31.87 
24.00 
5.63 
3.59 

Perdt. 
8.45 
7.18 
50.09 
17.79 
16.47 

Perct. 

10.58 
6.72 

82.30 
.03 
.35 

Perct. 

12.86 

27.98 

55.84 

2.43 

.87 

Perct. 

18.73 

Acid 

29.72 

Inert 

40.63 

Alkali 

7.92 

Peptonizing 

2.99 

Total.... 

99.99     99.98 

99.99 

99.99  !  99.99 

99.98 

99.96 

99.98  j  99.96 

99.98 

99.98 

99.99 

Number  of  sam- 
ples averaged 

1 

16           17           17  1        19  '        20 

1             1 

20 

17 

18 

1 
18  '        21 

22 

22 

GRADE   C   MILK  BEFORE  AND  AFTER   PASTEURIZATION  FOR  30  MINUTES 

AT    62.8°  C.    (145°   F.) 

When  grade  C  milk  was  studied  in  the  same  manner,  the  per- 
centage of  the  acid-coagulating  group  in  pasteurized  milk  was  found 
to  be  small  and  the  group  inactive.  The  averaged  results  in  Table  14^ 
and  shown  graphically  in  figure  13,  bring  out  this  point.  It  will  be 
seen  that  the  acid-coagulating  group  percentage  was  very  small  up 
to  the  14  days'  incubation  period.  The  acid  group  also  was  rather 
inactive  as  indicated  by  the  percentages.  A  large  part  of  the  pepton- 
izing group  developed  slowly,  as  indicated  by  the  increase  in  the 
percentage  of  groups  shown  in  the  various  plots. 

Table  14. — Changes  in  the  bacterial  group  relations  in  ^ade  C  milk  when  determined  by 
litmus  milk  reactions  after  different  lengths  of  incubatwn — Milk  pasteurized  at  62.8^  C. 
{14S°  F.)for  SO  minutes. 


Infusion  agar  plates. 

Casein  agar  plates. 

Bacterial 
groups. 

Raw  milk.               Pasteurized  milk. 

1 

Raw  milk. 

Pasteurized  milk. 

2 
days. 

5 
days. 

U 
days. 

2 

days. 

5 
days. 

14 
days. 

2 
days. 

6 
days. 

days. 

2 
days. 

5 
days. 

14 
days. 

.\cid  coagulat- 
ing  

Perct. 

18.10 

15.18 

64.54 

.20 

1.96 

Percv. 

31.33 
9.12 

49  44 
1.66 
8.13 

Perct. 
33.85 

6.85 
43.13 

3.33 
12.81 

Perct. 
0.06 
6.82 

91.21 

"i.89' 

Perct. 

0.35 

43.02 

53.46 

.06 

3.09 

Perct. 

11.85 

61.25 

22.06 

.36 

4.47 

Perct. 
7.25 
6.59 

84.53 

"i'.hi' 

Perct. 
9.96 
7.17 

76.09 
l.ll 
5.65 

Peru. 
9.90 
7.94 

63.79 
5.90 

Perct. 
0.36 
1.96 

93.02 

Perct. 

0.36 

19.84 

71.53 

.90 

7.35 

Perct. 
3.19 

Acid 

34.57 

Inert 

49.74 

Alkali] 

2.99 

Peptonizing 

12.44       4.65 

9.49 

Total.... 

99.98 

99.98 

99.97 

99.98 

99.98 

99.99 

99.98 

99.98 

99.97  '  99.99 

99.98 

99. 9S 

Number  of  sam- 
ples averaged 

12 

12 

12 

11 

11 

11 

9 

9 

9 

U 

11 

11 

It  is  interesting  to  note  the  activity  of  the  total  acid  group  in 
pasteurized  milk  of  grade  B,  and  although  the  average  bacterial  count 
was  high  this  grade  of  milk  more  nearly  represents  the  ordinary  quality 
of  milk  which  is  pasteurized  commercially  than  either  grades  A  or  C. 


PERCBHTAOE   OF  ACID  FOBMINQ  BACTERIA. 


As  has  already  been  shown,  the  acid  bacteria  instead  of  being 
destroyed  by  pasteurization  for  30  minutes  at  62.S°  C.  (145°  F.)  are 
actually  increased  in  their  percentage  of  the  total  bactma.    The 
laige   percentage  of  the 
acid  group  which  survive 
the  process  are  shown  in 
the  frequency  curve  in 
£gure  14.    The  number 
of  samples  were  plotted 
as  ordinates  and  the  per- 
centage of  the  acid-form- 
ing bacteria  as  abscissee, 
the    ranges    in    percent- 
ages   from    0-1,     1-10, 
10-20,  etc.,  being  taken 
as     points.     Thirty-nine 
samples  of  raw  and  42  of 
pasteurized  milk  were  ex-  ^ 
amined.     The  samples  of  ■" 

milk  were  pasteurized  for 
30  minutes  at  62.8°  C. 

(145°F.).      Itwilibeseen    "^w^rd^KTmin^lbymniusmUkrwctior 

from  the  figure  that  with      otincobaaoD, 

the  raw  milk  the  peak  of  the  curve  is  at  1-10,  while  one  peak  of  the 

curve  of  pasteurized  milk  is  at  10-20  and  another  at  50-60.     In  other 
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words,  the  majority  of  the  samples  of  raw  milk  contained  from  1  to  10 
per  cent  of  bacteria  of  the  acid  group.     The  number  of  samples  con- 
677W— BiiU.161— 13 5 
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taining  higher  percentages  gradually  diminished  until  no  sample 
contained  over  80  per  cent.  Among  the  samples  of  the  pasteurized 
milk,  it  may  be  seen  from  the  curve  that  the  majority  of  them 
contained  from  10  to  60  per  cent  of  the  acid  group  and  some  samples 
as  high  as  90  per  cent. 


COMPARISON  OF  THE  PEBCENTAOE  OF  PEPTONIZING  BACTERIA 

IN  BAW  AND  PASTET7BIZED  MILK. 

In  the  same  manner  39  samples  of  raw  milk  and  42  samples  of 
milk  pasteurized  for  30  minutes  at  62.8°  C.  (145°  F.)  have  been  grouped 
according  to  the  percentage  of  peptonizing  bacteria  which  they  con- 
tained. A  comparison  of  the  frequency  curves  in  figure  15  shows 
that  the  pasteurized  milk  contained  a  lower  percentage  of  the  pepton- 
izing group  than  did,  the  raw  milk.  A  large  number  of  samples  of 
pasteurized  milk  contained  between  0  and  1  per  cent  of  peptonizing 

bacteria,  while  only  one 
sample  of  raw  milk  con- 
tained that  low  percent- 
age. The  same  number 
of  samples  of  both  raw 
and  pasteurized  milk 
contained  from  1  to  10 
per  cent.  It  will  also 
be  seen  from  the  curve 
that  a  few  samples  of 
fic^  ce9^  cr  ficprmttziMs  aACTiERM  both  raw  and  pasteur- 

FIG.  16.— Comparison  of  the  peroeDtage  of  fhe  peptonldng  bacteria  ized       milk       Contained 

Iii«wandpast«ui«dmflk.  j^j^^^.  ^^^  1  tO  10  pCT 

cent  of  the  peptonizing  group.  However,  in  a  comparison  of  the 
raw  and  pasteurized  milk  it  was  found  that  a  larger  number  of 
samples  of  raw  milk  contained  the  high  percentages  of  peptonizers. 

AVEBAOE  PEBCENTAGES  OF  THE  BACTEBIAL  GBOUPS  OF  BAW 

MH^K  WHICH  SUB  VIVE  PASTETJBIZATION. 

The  effect  of  pasteurization  upon  the  bacteria  in  milk  may  be 
shown  by  a  determination  of  the  percentage  of  the  bacterial  groups  of 
raw  milk  which  are  found  after  heating.  This  percentage  was 
obtained  by  subtracting  the  percentage  reduction  by  pasteurization 
of  the  various  groups  from  1.00  per  cent.  The  samples  of  raw  and 
pasteurized  milk  were  plated  on  infusion  and  casein  agar  and  the 
percentage  reduction  of  the  various  groups  determined  by  the  milk 
tube  method.  Table  15  shows  the  averaged  results  from  infusion 
and  casein  agar  plates,  using  three  grades  of  milk  for  examination. 
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It  may  be  seen  that  a  greater  percentage  of  the  acid  group  of  bacteria 
in  the  raw  milk  remained  after  heating  than  any  of  the  other  groups. 
As  a  ride  a  smaller  percentage  of  the  peptonizing  group  survived 
than  either  of  the  other  groups.  In  general  the  result  when  casein 
agar  was  used  was  higher,  although  the  reason  is  not  apparent. 

Table  15. — At^erage  percentages  of  the  bacterial  groups  of  raw  milk  which  survive 

pasteuruation  by  the  ** holder"  process. 


Pasteurization  temper- 
ature. 


Media. 


Bacterial  groups. 


Add. 


Inert. 


AlkaU. 


Pepton- 
izing. 


Qrade  A,  62.8*  C  (145*  F.). . 
Grade  A,  7U*C.(ieO*  F.).. 
Grade  B,  62.8*  C.  (145*  F.). . 
Grade  C,  62.8*0.  (145*  F.). . 


fusion  agar 
[Casein  agar.. 
>nagar. 
[Casein  agar. . , 
Ion  agar 
[Casein  agar., 
[nf  usion  agar 
[Casein  agar.. 


1.27 
4.26 
1.71 
2.34 
6.98 
6.50 
4.56 
13.09 


asz 

.31 
.12 

1.48 
2.06 
1.59 
4.49 


ao5 

1.55 

.10 

0 

L27 

2.05 

.19 

1.13 


0.06 
.08 
.01 
.09 

1.86 
.51 

1.24 

1.26 


THE  EFFECT  OF  PASTEUBIZATION  ON  THE  NUMBER  OF  BACTEBIA 

OF  DIFFEBENT  GBOUPS  IN  MTLE. 

In  order  to  show  the  effect  of  pasteurization  on  the  numbers  of 
the  bacteria  of  different  groups,  Table  16  has  been  arranged.  This 
shows  the  calculated  number  of  bacteria  in  each  group  determined 
from  the  average  total  counts  on  infusion  agar  and  the  group  per- 
centages as  shown  by  the  milk-tube  method.  To  illustrate  this  fur- 
ther take  the  samples  from  dairy  A^  as  shown  in  Table  16.  The 
bacterial  count  of  12  samples  of  raw  milk  averaged  was  21;100. 
The  averaged  group  percentages  of  the  12  samples  was  33.85  per 
cent  of  the  acid-coagulating  group,  6.85  per  cent  of  the  acid  group, 
and  so  on.  The  acid-coagulating  group  contained  on  an  average 
33.85  per  cent  of  the  average  total  count,  or  approximately  7,160 
bacteria  per  cubic  centimeter.  The  other  bacterial  numbers  were 
calculated  in  the  same  way. 
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Tablb  16. — CompariMn  of  the  number  of  baeUria  of  different  groups  in  milk  b^ore  and 

after  poMteurization. 


Average  total  count  per  cubic  centimeter. 


Raw  milk,  21,100.    Average  of  12  samples.    Dairy  A 


Pasteurized  milk,  62.8*  C.  (145*  T.),  30  minutes,  430. 
Average  of  11  samptes.    Dairy  A 


Raw  mUk,  2,840,000.    Average  of  17     samples. 
Dairies  B  and  C 


Pasteurised  milk,  62.8*  C.  (145*  F.),  30  minutes, 
11,700.    Average  of  20  samjHes.    Dairies  13  and  ( '. . . 


Raw  milk,  22,800,000.    Average  of  10  samples. 
Dairy  D 


Pasteurized  mflk,  62.8*  C.  (145*  F.),  30  minutes, 
83,000.    Average  of  12  samples.    Dairy  D 


Average 
group 
per- 
centage. 


33.86 

6.85 

43.13 

3.33 

12.81 

11.85 

61.25 

22.06 

.36 

4.47 

12.96 

9.74 

43.51 

19.66 

14.10 

31.80 

34.87 

24.00 

5.63 

3.50 

36.17 

10.71 

29.31 

6.47 

17.31 

17.91 

61.87 

9.06 

9.77 

1.39 


Group. 


Acid-ooagulsting. 

Acid 

Inert 

Alkali 

Peptonizins 

Acid-coagumting. 

Acid 

Inert 

AlkaU. 

Peptonizing 

Acid-coaguiating , 

Acid 

Inert 

AlkalL 

Peptonislnff 

Acid-coagulating 

Acid 

Inert. 

Alkali 

Peptoniztne 

Acld-coaguuting 

Acid 

Inert. 

AlkalL 

Peptonizing 

Acid-ooagulating 

Acid 

Inert 

Alkali 

Peptonizing 


Calculated 
number  of 
each  group 
per  cubic 
centimeter. 


7.160 

1.450 

9,120 

705 

2,700 

50 

267 

02 

2 

19 

368,800 

376,700 

1,236,000 

568,000 

400,000 

8,760 

4,110 

2,830 

660 

420 

8,300,000 

2,450,000 

6,700,000 

1,480,000 

3,900,000 

14.900 

51,500 

7.500 

8,130 

1.150 


The  most  striking  features  of  the  table  is  the  high  number  of  acid- 
forming  bacteria  in  proportion  to  the  low  number  of  peptonizers  in 
the  pasteurized  milk  and  the  marked  difference  in  the  numbers  of 
peptonizing  bacteria  before  and  after  pasteurization.  The  milk  from 
dairy  A  was  exceptionally  good,  the  average  total  count  of  the  raw 
milk  being  21,100  and  after  pasteurization  for  30  minutes  at 
62.8^  C.  (145°  F.)  only  420  per  cubic  centimeter.  The  peptonizers 
were  reduced  from  2,700  to  19  per  cubic  centimeter. 

The  milk  from  dairies  B  and  C  was  of  poorer  quality,  the  average 
count  of  the  raw  milk  being  2,840,000.  After  pasteurization  the 
count  was  1 1 ,700.  The  peptonizers  were  reduced  by  the  process  from 
400,000  to  420  per  cubic  centimeter.  In  the  last  part  of  the  table  the 
results  of  the  examination  of  poor  milk  is  shown.  The  average  count 
was  22,800,000  bacteria  per  cubic  centimeter  before  and  83,000  after 
pasteurization  for  30  minutes  at  62.8°  C.  (145°  F.).  The  raw  milk 
contained  an  average  of  3,900,000  peptonizers  per  cubic  centimeter 
and  after  pasteurization  only  1,150  per  cubic  centimeter.  Throiighr 
out  the  whole  series  may  be  noticed  the  low  number  of  alkali-forming 
bacteria  in  the  pasteurized  milk  in  proportion  to  those  in  the  raw  milk. 
After  a  comparison  is  made  of  the  kinds  of  bacteria  in  the  raw  milk 
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from  dairies  B  and  C  and  in  the  extremely  poor  milk  from  dairy  D  with 
the  same  milk  after  pastemization  there  should  be  no  question  as  to 
the  beneficial  effect  of  the  process. 

THE  BACTERIAL  DEVELOPMENT  IN  MH^K  PASTEX7BIZED  IN  THE 
LABOR ATOEY  AND  HELD  AT  DIFFEBENT  TEMPER ATTJKES. 

After  having  determined  the  groups  of  bacteria  which  survived 
pasteurization,  their  subsequent  development  was  traced  in  a  few 
samples  of  milk. 

The  changes  in  the  bacterial  flora  of  milk  pasteurized  for  30  minutes 
at  62.8®  C.  (145°  F.)  during  storage  at  different  temperatures  has  been 
studied  in  a  poor,  medium,  and  good  grade  of  milk.  One  sample  of 
each  grade  of  milk  was  divided  and  each  part  pasteurized  in  a  sterile 
flask.  After  pasteurization  each  sample  was  held  in  the  ice  box  at 
approximately  7.23°  C.  (45°  F.)  for  18  hours;  then  one  flask  was  held 
at  room  temperature,  the  other  was  kept  in  the  ice  box.  After  pas- 
teimzation  and  on  each  successive  day  each  sample  was  plated  to 
determine  the  number  of  bacteria  which  were  then  differentiated  by 
the  milk-tube  method.  On  account  of  the  great  amount  of  work 
involved  and  time  consumed  in  determining  the  bacterial  flora  by  the 
milk-tube  method  only  one  sample  of  each  grade  was  studied. 
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The  daily  bacterial  group  percentages  are  shown  in  Table  17.  The 
room  temperature  varied  from  21.1''-23.9°  C.  (70°-75°F.)  whilethe 
temperature  of  the  ice  box  ranged  from  8°-10°  C.  (46.4°-50°F.).  The 
bacterial  group  percentages  in  each  raw  milk  are  shown  followed  by 
the  "0"  day  determination  which  gives  the  group  porcentages  imme- 
diately after  pasteurization.  Sample  G  represented  a  poor  quality  of 
milk,  H  a  milk  of  medium  quaUty,  such  as  is  usually  commercially 
pasteurized,  and  sample  K  an  excellent  grade  of  milk  containing  only 
a  few  thousand  bacteria  per  cubic  centimeter.    The  samples  of  milk 
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Fio.  16.— Dally  changte  In  '  «     ~ 

the  baetflritl  group  reli^ 

Uoiuln  put«]tl»d  milk.  Flo.  17.— DsUrchsngn  In  tha  bacterial  group  relations  In  pastnuiiud 
Sample  O  beld  at  room  milk.    Sample  O  heid  In  the  ice  box. 

tanponitiirB. 

were  pasteurized  and  held  so  as  to  prevent  any  possible  reinfection. 
In  order  to  show  the  changes  in  the  groups  more  plainly,  the  results 
from  Table  17  have  been  plotted.  Figure  16  shows  the  changes  in 
the  bacterial  flora  of  sample  G  held  at  room  temperature.  This  sam- 
ple showed  a  rennet  curd  oo  the  third  day.  Wtile  there  was  a  little 
acid  development  during  the  first  three  days,  a  rapid  increase 
occurred  from  the  third  to  the  fourth  day.  From  the  figure  it  may  be 
seen  that  there  was  a  rapid  increase  in  the  percentage  of  the  pepto- 
nizing group  from  4.75  per  cent  on  "0"  day  to  20  per  cent  after  one 
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day,  then  to  80,95  per  cent  after  two  dajrs,  followed  by  a  drop  to  20.79 
per  cent  the  third  day.     Corresponding  to  the  increase  in  the  propor- 
tion of  the  peptonisdng  group  tJiere  was  a  decrease  in  the  acid  group 
followed  by  an  increase  on  the  third  day.    The  acid  group  comprised 
86.71  per  cent  of  the  bacteria  at  first,  then  dropped  to  67.69  per  cent 
after  one  day,  then  to  9.52  on  the  secohd  day,  then  increased  53.96 
per  cent.    The  percentage  of  the  alkali  group  throughout  was  low. 
As  the  plot  shows,  there  was  a  rapid  increase  in  the  peptonizing  bac- 
teria which  produced  a  rennet  curd  on  the  third  day.     Up  to  that 
time  the  development  of  the  acid-forming 
bacteria  was   slow,  and  while  there  was 
some  development  of  acid,  apparently  not 
enough  was  formed  to  check  the  develop- 
ment of  the  peptonizing  group.    To  sum- 
marize, it  may  be  said  that  in  sample  G, 
hold   at  room  temperature,  there  was  a 
rapid   growth   of    peptonizing   oi^anisms 
which  produced  a  rennet  curd,  followed  by 
acid  development  produced  by  the  growth 
of  the  acid-forming  bacteria. 

The  other  portion  of  sample  G  was  held 

in  the  ice  box.     Figure  17  shows  the  ro- 

Bults  graphically.     It  may  be  seen  thft 

there  was  only  a  slight  acid  development 

during  the  13  days'  holding  period.    The 

most  striking  point  is  the  restriction  of  the 

development  of  the  peptonizing  group  by 

the  low  temperature  at  which  the  sample 

was  held.     A  comparison  of  the  plot  of  the 

peptonizing  group   in  figures   16   and   17 

shows  this   point   plainly.     There   was  a 

<    slow  bacterial  development  during  the  first 

six  days  as  shown  by  the  total  counts. 

During  that  time  the  percentage  of  the  acid 

'     group  was  high.    From  the  seventh  to  the 

"SiTri'ltSSS^   nbth  day  the  per  cent  of  the  «id  group 

BampiBHhBidBtroomtmiperaiura.   ^vas  low,  with  a  Corresponding  increase  in 

the  alkali  and  mert  groups.     From  the  ninth  day  the  percentage  of 

the  acid  group  began  to  increase  and  the  acidity  also   uacreased. 

The  bacterial  groups  were  not  studied  after  the  thirteenth  day,  but 

the   sample  was  held  and  acidity  was  determined  daily.     It  was 

found  that  the  milk  eventually  soured.    After  eight  days  an  old 

taste  developed  which  would  prevent  its  consumption  as  a  food. 

The  changes  in  the  bacterial  flora  of  a  better  grade  of  milk  repro- 
sented  by  sample  H  were  much  different  when  the  milk  was  held  at 
room  temperature.  As  may  be  seen  from  figure  18  the  milk  soured 
with  a  constantly  increasing  percentage  of  the  acid  group  and  decrease 
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in  the  other  group  percentages.    The  percentage  of  the  acid  group 
increased  from  58.69  after  pasteurization  to  91.71  after  six  days. 


-/e    J9   J9    —    '^  ys   .go  . 
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Pia.  IS.— DaUjr  cbacgBs  In  Ihe  bacterial  group  relslions  la  pasleuriied  milk.    Bunple  n  held  In  In  boi. 

The  percentage  of  the  peptonizing  group  was  0.54  immediately  after 

beating  and  none  appeared  in  the  plates  in  the  later  examinations. 

The  changes  in  the  groups  of  the  other  portion  of  sample  H  held  in 

the  ice  box  are  shown  in  figure  19.     The  development  of  the  alkali 
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group  after  four  days  is  plainly  shown.  With  the  increase  in  the  per- 
centage of  the  alkali  group  there  was  a  corresponding  decrease  in  the 
acid  group.  After  10  days  the  percentage  of  the  alkali  group  began 
to  decrease  and  the  acid  group  to  increase.  The  percentage  of  the 
peptonizing  group  was  low  tliix)ugh  the  whole  period.  The  acidity 
did  not  change  until  the  twelfth  day.  After  11  days  the  milk  had  an 
old  taste  and  would  not  be  used. 

'  The  changes  in  the  bacterial  groups  in  the  best  grade  of  milk  repre- 
sented by  sample  K  were  different  from  the  others  when  the  milk  was 


Mil 


FiO.  20.— Dally  changes 
Um  bacUrlal  group  >bI 
tlona  Id  pastourlxed  mi] 
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Flo.  21.— Dail]-  cliBQe«  In  Ihs  tncUiial  group  relatione  In  pasHniiiaJ 
[emperBtUTB.  "■Ul'.    Sample  K  held  In  Uis  Ice  boi. 

hold  at  room  temperature.  After  six  days  the  milk  was  putrid  and 
digested,  but  had  not  coagulated.  As  may  be  seen  from  figure  20, 
there  was  no  acid  formed.  On  the  second  day  the  peptonizing  bac- 
teria began  to  increase  rapidly,  and  on  the  fourth  day  only  organisms 
of  the  peptonizing  group  were  found.  The  acid  group  gradually 
decreased  until  the  second  day,  after  which  none  appearotl  on  the 
plates.  The  cxtrDnii!  changes  in  the  group  percentages  were  due  to 
the  low  number  of  bacteria  in  the  milk.  WTien  only  a  few  colonies 
appeared  on  a  plate  the  determination  of  the  groups  was  of  course, 
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much  less  accurate  than  when  100  or  more  colonies  are  studied  by  the 
milk-tube  method. 

The  restraining  efiFect  of  low  temperatures  on  the  development  of 
the  peptonizing  group  is  again  plainly  shown  in  figure  21  ^  which 
represents  the  bacterial  group  changes  in  the  other  portion  of  sample 
K  held  in  the  ice  box.  No  peptonizing  bacteria  were  found  on  the 
plates  throughout  the  whole  series  and  none  of  the  alkali  group 
appeared  until  the  twelfth  day.  The  acid  group  predominated 
throughout  with  considerable  fluctuation  due  to  inaccuracy  on  account 
of  low  bacterial  numbers.  The  total  counts  were  very  low  until  the 
eleventh  day,  after  which  there  was  a  rapid  increase.  After  17  days 
an  old  taste  was  noticed  and  at  that  time  the  acidity  began  to  increase 
slowly. 

These  results  are  shown  merely  to  indicate  the  possible  changes 
which  may  take  place  in  nulk  pasteurized  in  sealed  bottles.  It  is 
clear  that  there  is  a  delicate  balance  between  the  various  bacterial 
groups  which  may  be  influenced  by  conditions  of  temperature  and 
time  so  that  various  effects  may  be  produced.  These  results  can  not 
be  applied  to  commercial  problems,  since  in  laboratory  experiments 
it  is  impossible  to  duplicate  commercial  conditions.  In  order  to 
determine  the  changes  in  milk  commercially  pasteurized  in  sealed 
bottles  a  study  must  be  carried  on  only  under  commercial  conditions. 

QUALITATIVE    STUDY    OF    THB    OBOUPS    OF    BACTEBIA    WHICH 

SUBVXVE   PASTBUBIZATION. 

During  the  determination  of  the  percentage  of  the  bacterial  groups 
cultures  were  selected  for  further  study.  These  were  selected  from 
milk  pasteurized  at  62.8°  C.  (145°  F.)  for  30  minutes.  The  cultures 
were  purified  by  plating,  then  examined  microscopically  and  for  their 
cultural  reactions.  In  the  tables  of  the  Appendix  the  complete  reac- 
tions are  shown. 

THE   ACID-FORMING  GROUP  OF  BACTERIA. 

The  acid-forming  group  of  bacteria  have  been  grouped  arbitrarily 
as  shown  in  figure  22.  One  hundred  and  thirty- two  cultures  were 
examined  and  were  divided  into  four  classes.  The  first  class  comprised 
89.39  per  cent  of  the  cultures.  TTie  reactions  of  this  class  are  shown  in 
figure  22.  All  the  organisms  were  cocci  which  produced  no  liquefac- 
tion of  gelatin.  The  Gram  stain  was  either  positive  or  negative, 
nitrate  was  not  reduced,  and  some  formed  pigment  while  others  did 
not.  Dextrose,  galactose,  and  lactose  were  fermented.  Some  cul- 
tures fermented  saccharose.  Of  those  that  fermented  saccharose,  the 
ability  to  ferment  raffinose,  starch,  inulin,  mannite,  glycerin,  and 
salicin  varied  as  may  be  seen.  The  same  may  be  said  regarding  those 
cultures  which  did  not  ferment  saccharose.     The  second  class  was  made 
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up  of  nonliquefying  bacilli,  Gram  positive,  nitrate  reduction  positive  or 
negative,  and  all  produced  pigment.  Dextrose,  galactose,  lactose, 
and  saccharose  were  fermented ;  raffinose  positive  or  n^ative,  starch 
positive  or  n^ative,  inulin  not  fermented,  mannite  positive  or  n^^ 
tive,  glycerin  not  fermented,  and  salicin  positive  or  negative.  This 
class  comprised  3.03  per  cent  of  the  acid  group  cultures,     llie  third 


TOTM.  MfMee»  /St. 


ig  group  ot  bulaila. 


class  contained  6.81  per  cent  of  the  cultures  and  was  made  up  of 
hqucfying  cocci,  Gram  positive,  nitrate  reduction  positive  or  negative, 
and  none  produced  pigment.  The  acid  production  was  as  follows; 
Dextrose,  galactose,  lactose,  and  saccharose  positive ;  raffinose,  inulin, 
and  starch  negative;  mannite  and  glycerin  positive  or  negative;  and 
salicin  negative. 

One  culture  formed  the  fourth  class.     It  was  a  liquefying  Gram 
positive  bacillus  which  reduced  nitrates  and  formed  no  pigment. 


QUALITATIVE   STUDY  OF  GROUPS. 


45 


Acid  was  formed  in  dextrose,  lactose,  saccharose,  and  glycerin.  The 
complete  reactions  of  each  variety  of  bacteria  are  shown  in  Table  I 
of  the  Appendix. 

In  general  it  may  be  said  that  the  majority  of  the  acid  group  which 
survived  pasteurization  at  62.8°  C.  (145**  F.)  were  nonliquefying 
cocci  which  varied  widely  m  their  abUity  to  ferment  the  various 
sugars.  A  small  percentage  of  acid-forming  bacilli  also  survived, 
together  with  a  few  acid-liquefying  bacteria. 
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THE   INERT    GROUP   OF   BACTERIA. 

The  study  of  the  inert  group  has  not  been  given  much  attention. 
All  bacteria  which  produced  no  change  in  litmus  milk  after  14  days' 
incubation    at    30°  C. 

(86°  F.)   were  classed  TOTj^L  M//^S£^  ^^ 

according  to  the  milk- 
tube  method  as  inert 
organisms.  The  group 
would  therefore  contain 
not  only  those  bacteria 
which  did  not  produce 
any  change  in  milk  un- 
der any  condition,  but 
also  any  organisms 
which  did  not  happen 
to  grow  in  the  milk 
tubes  and  those  which 
might  produce  a  change 
in    milk   after  the    14 
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Fig.  23.— The  alkali-fonniDg  group  of  bacteria. 


days'     incubation 
period. 

In  a  number  of  sam- 
ples agar  streak  cul- 
tures were  made  from 
the  litmus  milk  tubes  which  showed  no  change.  Sometimes  none  of  the 
agar  cultures  showed  growth ;  in  other  cases  approximately  2  per  cent ,  5 
per  cent,  25  per  cent,  80  per  cent,  and  occasionally  100  per  cent  showed 
growth  on  agar  streaks.  When  those  agar  cultures  were  reinoculated 
into  litmus  milk,  some  would  not  produce  any  reaction  and  others  a 
slight  alkaline  reaction  after  long  incubation.  Often  a  yellow  color 
was  noticed  in  the  litmus  milk  culture  which  indicated  an  inert  yellow 
pigment-forming  organism. 

THE   ALKALI-FORMING   GROUP  OF   BACTERIA. 

The  alkali-forming  bacteria  constitute  a  group  which  has  been  given 
but  Uttle  study  in  connection  with  the  bacterial  flora  of  milk.     In 


46 


BACTERIA  WHICH   SURVIVE   PASTEURIZATION. 


the  differentiation  of  the  various  groups  on  litmus  lactose  gelatin 
plates,  organisms  of  this  group  would  be  entirely  missed,  but  they 
are  easily  found  by  the  milk-tube  method.  Forty-three  of  these 
organisms  isolated  from  pasteurized  milk  have  been  studied  and 
grouped  arbitrarily,  as  shown  in  figure  23.  The  alkali  group  was 
made  up  of  72.09  per  cent  of  cocci  and  27.90  per  cent  of  bacillL 
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Flo.  24.— The  peptonklDg  group  of  bacteria. 

It  is  not  necessary  to  go  into  minute  details  regarding  these  oi^anisms, 
for  their  characteristics  are  plainly  shown  in  the  figure.  They  did 
not  liquefy  gelatin,  and  produced  a  strong  alkaline  Reaction  in  litmus 
milk.  No  acid  was  produced  in  the  sugars,  starches,  alcohols,  or  in 
the  glucosid  used  in  the  investigation,  but  an  alkaline  reaction  was 
often  found.     In  litmus  milk  often  enough  alkali  was  produced  to 


QUAUTATIVE  STUDY   OF  GROUPS,  47 

dissolve  the  casein.  That  will  always  happen  if  the  period  of  incu- 
bation is  long  enough.  The  complete  characteristics  are  shown  in 
the  Appendix  in  Table  II.  A  more  extended  study  of  the  alkaU  group 
is  under  way  in  the  research  laboratories  of  this  division. 

THE   PEPTONIZING   GROUP   OF   BACTERIA. 

The  peptonizing  bacteria  include  only  those  which  peptonize  the 
casein  of  milk.  Fifty  of  this  type  of  organisms  were  studied,  and 
their  characteristics  are  shown  fully  in  the  Appendix  in  Table  III. 
They  were  divided  arbitrarily  into  four  classes,  as  shown  in  figure  24. 
It  may  be  seen  that  the  bacteria  of  classes  1  and  2  did  not  liquefy 
gelatin  during  30  days'  incubation,  but  did  peptonize  casein.  The 
peptonization  of  casein  was  determined  by  streak  cultures  on  casein 
agar  slopes  by  the  following  method : 

After  14  days'  incubation  the  slopes  were  flowed  with  N/lOth  lactic 
acid.  If.  no  peptonization  has  taken  place  the  casein  will  be  precipi- 
tated by  the  acid.  If  peptonization  has  gone  on,  then  the  casein  agar 
will  remain  clear,  showing  that  the  casein  has  been  dissolved.  The 
use  of  casein  agar  for  the  determination  of  peptonizing  bacteria  in 
milk  is  ifuUy  described  in  another  publication  ^  of  this  departmfent. 
It  will  be  seen  from  figure  24  that  classes  1  and  2  comprise  both  cocci 
and  bacilli,  some  of  which  did  not  ferment  sugars,  while  others  pro- 
duced acid.  Classes  3  and  4  is  made  up  of  bacteria  which  liquefy 
gelatin  and  may  or  may  not  ferment  the  sugars.  It  is  interesting  to 
note  that  out  of  225  cultures  of  bacteria  studied  only  3,  or  1.35  per 
cent,  formed  spores.  Those  3  cultures  were  found  among  the  50 
peptonizing  organisms  making  only  6  per  cent  of  the  peptonizing 
spore-forming  organisms. 

THE   GAS-FORMING   BACTERIA. 

During  the  study  of  225  cultures  selected  at  random  from  the 
samples  of  pasteurized  milk  only  two  organisms  were  found  which 
produced  gas  in  milk.  One  of  the  gas-forming  bacteria,  culture  417, 
was  a  Gram  negative  short  bacillus  which  peptonized  casein  but  did 
not  hquefy  gelatin.  It  produced  gas  in  lactose  broth  and  acid  in 
dextrose,  saccharose,  raffinose,  starch,  and  sahcin  broths.  No  acid 
was  formed  in  lactose,  galactose,  mannite,  glycerin,  or  inuUn  broths. 
Nitrate  solution  was  reduced.  Gas  was  produced  in  htmus  milk 
and  the  milk  was  curdled  with  some  peptonization.  It  is  evident 
that  this  bacillus  did  not  belong  to  the  colon-aerogenes  group. 

The  other  organism  is  an  entirely  new  type  so  far  as  known.  This 
culture  known  as  Z  produced  gas  in  milk  but  not  in  lactose  broth. 

I  Ayers,  S.  Henry.   Casein  media  adapted  to  determining  bacteria  In  milk.    United  States  Department 
of  Agrloulture,  Boreaa  of  Animal  Industry,  Twenty-eighth  Annual  Report,  1911  (In  press). 
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Culture  Z  was  a  long  motile  Gram  negative  bacillus.  In  a  hanging 
drop  preparation  a  few  cells  had  an  enlargement  at  one  end  which 
probably  represented  spores,  although  it  was  impossible  to  demon- 
strate their  presence  by  staining  reactions.  Their  survival  of  an 
exposure  to  a  temperature  of  93.3°  C.  (200°  F.)  for  30  minutes  seemed 
to  affirm  the  presence  of  spores.  It  grew  slowly  on  agar  streaks  and 
produced  a  slimy  growth.  A  2  days'  old  culture  often  showed 
extremely  long  types  of  organisms.  Acid  was  produced  in  dextrose, 
galactose,  and  saUcin  broths,  but  not  in  saccharose,  mannite,  gly- 
cerin, raffinose,  inuhn,  or  starch  broths.  When  these  broths  were 
used  for  gas  production  it  was  found  in  one  experiment  that  culture 

iZ  produced  gas  in  raffinose,  mannite,  and  starch 
broths  after  14  days'  incubation  at  30°  C.  (86°  F.), 
but  none  in  any  of  the  other  broths.  This  ex- 
periment was  repeated  and  no  gas  was  found  in 
any  of  the  broths.  Nitrate  solution  was  reduced 
and  gelatin  was  not  liquefied  after  30  days'  incuba- 
tion at  18°  C.  (64.4°  F.).  This  culture  produced 
acid  and  gas  in  milk  and  coagulated  it  after  14 
days.  The  ability  to  produce  gas  in  mUk  through 
a  long  period  is  one  of  the  striking  characteristics 
of  this  organism.  In  order  to  determine  how 
long  culture  Z  would  continue  to  produce  gas  in 
milk,  a  25  cubic  centimeter  burette  was  inverted 
and  inserted  through  a  rubber  cork  into  an  Erlen- 
meyer  flask  containing  200  cubic  centimeters  of 
mUk,  as  shown  in  figure  25.  By  opening  the  stop- 
cock of  the  burette  the  milk  could  be  drawn  to 
the  top  and  the  tube  filled.  After  sterilizing,  the 
milk  was  inoculated  with  culture  Z  and  incubated 

FIG.  25.-Apparatiis  for  the  ^^  3^°  C.  (86°  F.).  The  gas  produccd  was  re- 
determination of  gas  pro-  corded  daily  and  when  the  burette  was  filled 
ductioniumiik.  ^j^j^    ^^    ^j^^    stopcock  was   opened   and  the 

tube  was  again  filled  with  milk.  In  that  way  it  was  possible 
to  record  gas  production  from  milk  over  an  indefinite  period. 
As  may  be  seen  from  figure  26,  this  organism  was  able  to  pro- 
duce gas  through  a  period  of  46  days.  The  fermentation  began 
after  24  hours'  incubation  when  from  3  to  4  cubic  centimeters 
of  gas  was  formed  daily  until  the  fourteenth  day,  when  the  milk 
was  curdled.  At  that  time  the  daily  gas  production  increased  and 
was  sometimes  as  high  as  15  cubic  centimeters.  The  increased 
gas  production  continued  until  the  thirty-first  day  when  it  was 
reduced  to  approximately  4  cubic  centimeters  per  day.  The  gas 
produced  was  hydrogen  and  carbon  dioxide.     The  ability  of  culture 
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Z  to  produce  gas  in  milk  continuously  for  a  long  period,  together 
with  the  fact  that  while  gas  was  formed  in  milk  lactose  in  broth  was 
not  fermented,  differentiates  this  organism  from  the  ordinary  types 
of  gas  formers.  A  more  extended  study  of  this  type  of  organism  is 
under  way  in  the  research  laboratories  of  this  division. 

The  survival  of  pasteurization  by  gas-forming  bacteria  is  of  con- 
siderable importance,  since  it  has  been  suggested  to  make  the  pres- 
ence of  the  colon  group  an  indication  of  recontamination  of  pasteur- 
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Fio.  26.— Gas  produced  by  culture  Z . 

ized  milk  or  of  inefficient  pasteurization.  Several  boards  of  health 
are  at  present  using  such  a  test.  If  gas-forming  organisms  do  not 
survive  pasteurization,  then  of  course  their  presence  in  pasteurized 
milk  means  recontamination  or  inefficient  pasteurization.  If,  how- 
ever, certain  types  of  gas-forming  bacteria  do  survive  the  process, 
then  the  test  is  of  no  value.  In  order  to  determine  if  gas-forming 
bacteria  survived  pasteurization  for  30  minutes  at  62.8°  C.  (145®  F.), 
19  samples  of  raw  milk  were  heated  in  sterile  flasks.     Fermentation 
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tubes  in  sets  of  four  were  then  inoculated  with  1  cubic  centimeter  and 
6  cubic  centimeters  of  both  the  raw  and  the  pasteurized  milk.  The 
results  are  shown  in  Table  18.  Twelve  of  the  samples  of  raw  milk 
showed  the  presence  of  gas-forming  organisms  in  lactose  bile  tubes 
when  1  cubic  centimeter  of  milk  was  used  for  inoculation.  After 
pasteurization  three  samples  showed  gas  when  1  cubic  centimeter 
was  used  and  eight  samples  when  5  cubic  centimeters  of  milk  was 
used.  When  dextrose  liver  broth  fermentation  tubes  were  used,  a 
larger  number  of  samples  of  the  pasteurized  milk  showed  the  pres- 
ence of  gas-forming  bacteria.  It  may  be  seen  from  the  table  that 
the  number  of  gas  producers  in  the  raw  and  pasteurized  milk  was 
low  as  determined  by  the  dilution  and  the  number  of  tubes  of  each 
set  of  four  which  showed  gas.  For  example,  sample  1,  four  tubes  of 
lactose  bile,  each  inoculated  with  1  cubic  centimeter  of  raw  milk, 
showed  no  gas,  which  means  that  no  gas-forming  organisms  were 
present  in  4  cubic  centimeters  of  the  raw  milk.  Four  tubes,  each 
inoculated  with  5  cubic  centimeters  of  the  same  milk  pasteurized, 
showed  gas  in  two  tubes.  That  means  at  least  one  gas-forming 
organism  in  every  10  cubic  centimeters  of  the  milk. 

Table  18. — Gas  production  in  lactose-bil^  and  dextrose-liver  broths  inoculated  rvith  raw 
milk  and  iiiilk  pasteurized  at  6S.8°  C.  (145°  F.)  for  SO  minutes.  Four  tubes  used  in 
each  dilution. 


Gas  produced  In— 

• 

Lactose-bile  broth. 

Dextrose-liver  broth. 

Sample 

num- 

Inocu- 

Inocu- 

Inocu- 

Inocu- 

ber. 

Inocu- 

lated 

lated 

Inocu- 

lated 

lated 

lated 

vrlthl 

with  6 

lated 

withl 

with  5 
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c.  c.  pas- 

C.C. pas- 

with 5 

c.  c.  pas- 

c. c.  pas- 

c. c.  raw 

teur- 

teur- 

c. c.  raw 

teur- 

teur- 

mUk. 

ized 

ized 

milk. 

ized 

ized 

mUk. 

milk. 
Tubes. 

milk. 

milk. 

TvJties. 

Tubes. 

Tubes. 

Tubes. 

Tubes. 

1 

0 

0 

2 

0 

3 

2 

2 

0 

0 

0 

0 

3 

2 

3 

0 

0 

0 

0 

1 

0 

4 

3 

0 

1 

1 

0 

1 

5 

0 

0 

0 

3 

0 

2 

6 

3 

0 

3 

3 

0 

2 

7 

3 

0 

1 

3 

0 

1 

8 

0 

0 

0 

0 

0 

2 

9 

2 

0 

0 

0 

0 

2 

10 

2 

0 

0 

0 

0 

0 

11 

1 

0 

0 

0 

3 

2 

M2 

0 

0 

0 

0 

13 

4 

0 

0 

3 

1 

4 

14 

3 

0 

0 

4 

0 

0 

15 

1 

3 

1 

2 

1 

1 

16 

4 

2 

4 

4 

2 

2 

17 

4 

0 

0 

4 

0 

2 

18 
19 

4 
4 

3 

1 

1  Milk  incubated  at  37**  C.  for  18  hours  and  then  pasteurised. 

Litmus  lactose  agar  plates  were  made  and  inoculated  from  almost 
every  sample  which  showed  gas  in  the  bilo  tubes,  but  no  organisms 
of  the  colon  type  were  found.     The  only  gas  producer  which  was 
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found  was  a  spore-forming  anaerobic  bacillus  of  the  butyric  group. 
One  of  these  organisms,  known  as  culture  T,  produced  acid  in  dex- 
trose, galactose,  saccharose,  raffinose,  and  starch  broths,  and  gas  in 
dextrose,  galactose,  lactose,  saccharose,  and  starch  broths.  In  this 
work  no  organisms  of  the  colon  group  were  found  to  survive  pas- 
teurization, but  gas  was  often  produced  in  lactose  bile  tubes  inocu- 
lated with  pasteurized  milk.  The  gas  production,  however,  was  not 
due  to  organisms  of  the  colon  group,  but  to  those  of  the  butyric-acid 
group.  This  anaerobic  butyric  bacillus  produced  gas  in  lactose  bile 
tubes  and  would  appear  in  the  preliminary  tests  for  the  colon  bacillus. 
Therefore,  if  only  lactose  bile  fermentations  were  used  to  determine 
the  presence  of  the  colon  group  in  pasteurized  milk,  the  anaerobic 
butyric  types  of  bacteria  would  produce  fermentations  which  would 
be  taken  as  an  indication  of  the  colon  group.  It  is  evident,  then,  that 
the  presence  of  the  colon  group  of  organisms  in  milk  must  be  deter- 
mined by  something  more  than  simply  lactose  bile  fermentation 
tubes.  These  results  are  by  no  means  conclusive,  for  if  a  larger 
number  of  samples  had  been  examined  colon  bacilli  might  have  been 
found  which  survived  pasteurization.  De  Jong  and  De  Graaff,* 
working  on  various  strains  of  BddUus  coli,  found  some  forms  which 
required  30  minutes  heating  at  70^-72°  C.  (158^-161.6°  F.)  to 
destroy.  Zelenski  *  also  found  some  strains  of  B.  coli  which  resisted 
high  temperatures.  Evidently  resistant  types  of  the  colon  group  do 
exist  and  that  fact  complicates  the  value  of  the  colon  test  for  reinfec- 
tion of  pasteurized  milk. 

THEBMAX    DEATH    POINTS    OF    BACTERIA    WHICH    SUKVIVE 

PASTEUBIZATION. 

As  a  matter  of  purely  scientific  interest  the  thermal  death  points 
of  several  bacteria  which  survived  pasteurization  were  determined. 
The  determinations  were  made  by  heating  2  days'  old  lactose  dibasic 
broth  cultures  for  30  minutes  in  Sternberg  bulbs.  After  heating,  the 
contents  of  the  bulbs  were  inoculated  into  litmus  milk  tubes.  Cul- 
tures were  selected  from  the  acid,  alkali,  and  peptonizing  groups  for 
the  experiment.  The  results  are  shown  in  Table  19.  Culture  40  of 
the  acid  group  stood  as  high  as  79.4*^  C.  (175®  F.).  Numbers  58  and 
156  were  destroyed  at  73.9°  C.  (165°  F.)  and  culture  81  at  65.6°  C. 
(150°  F.).  One  culture  of  the  alkali  group  was  destroyed  at  65.6°  C. 
(150°  F.).  Culture  450  of  the  peptonizing  group  was  destroyed  at 
71.1°  C.  (160°  F.),  while  the  thermal  death  point  of  culture  456  was 
indefinite,  although  about  79.4°  C.  (175°  F.). 

>  De  Jong,  D.  A.,  and  De  Graaff,  W.  C.  Die  CoU-Kontrolle  der  pasteurisierten  Milch.  [Nederlandach 
Weekblad  yoor  Zuivelbereiding  en  Veeteelt,  vol.  12,  Nos.  37  and  38,  1906].  Abstract:  Milch wirtschaft- 
Uches  Zentralblatt,  vol.  3,  No.  G,  pp.  265-208.    Leipzig,  June,  1907, 

sZelenald,  Thaddeus.  Zur  Frage  der  Pasteurisation  der  S&uglingsmilch.  Jahrbuch  fiir  Kinderheil- 
kunde.  vol.  63,  pp.  288-307.  Berlin,  1906.  Abstract:  Centralblatt  fOr  Bakteriolcgie,  Parasitenkunde  und. 
InfektionslcranJcheiten.    Abteilung  2,  vol.  18,  No.  4-6,  p.  175.    Jena,  Mar.  14, 1907. 
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Table  19. —  Thermal  death  point  of  bacteria  surviving  pasteurization. 


30  minutes  in  Sternberg  bulbs  at— 

• 

^^ 

1 

• 

• 

Culture. 

0 

o 

0 

e 

IS 

8 

e 

s 

• 

s 

o 

• 

o 

o 

^ 

u 

C' 

O 

o 

e 
00 

o 

0 

O 

o 

ca 

?-               V 

S 

s 

3 

s 

l<- 

n 

15 

AaO  GROUP. 

1 

1 

1 
1 

Culture  5S     ... 

+  + 

J.  4-  4.j.'j.4- 

Culture  40 

-|._|.  4--+-  -i-+  -!-+ 

4-4- 

4-4-  4 — 

Culture  81 

+-\-  — . 

-»--f  4-4-  +4-  +4- 

Culture  150 

—m  ■^-            „ 

ALKALI  GROUP. 

1 

1 

Culture  311 

■ 

-I-+ 

++ 

4-4- 

PEPTONIZING  GROUP. 

1 

Culture  450 

4-  + 

-I-  + 

!        1 
4-4-  4.4-Ih 

4— 

H — 

Culture  450 

1 
4-  +  I4-4-  H 4-4- 

In  one  sample  of  milk  heated  at  82.2°  C.  (180°  F.)  for  30  minutes 
it  was  found  by  the  tube  method  of  group  differentiation  that  a  very 
largo  percentage  of  the  acid  group  survived.  Sixty-four  milk  cul- 
tures of  the  resistant  acid  bacteria  were  examined  roughly  for  their 
thermal  death  point  by  inoculating  fresh  litmus  milk  tubes  with  one 
drop  of  the  milk  culture.  One  set  of  milk  tubes  was  then  heated  for 
30  minutes  at  87.8°  C.  (190°  F.)  in  a  water  bath  and  another  set  at 
93.3°  C.  (200°  F.)  for  the  same  length  of  time.  Of  the  64  tubes 
heated  at  87.8  C.  (190°  F.)  27  showed  growth,  but  all  were  destroyed 
at  93.3°  C.  (200°  F.).  These  heat-resistant  acid-forming  organisms 
are  of  great  importance  in  connection  with  the  pasteurization  of 
milk.  From  a  purely  scientific  standpoint  they  are  of  interest,  since 
in  general  the  thermal  death  point  of  vegetative  cells  has  been 
beUeved  to  be  below  60°  C.  (140°  F.).  From  the  numbers  of  these 
heat-resistant  organisms  it  is  evident  that  they  are  not  uncommon  in 
milk. 

THE    POSSIBLE    USE    IN    PASTEUOEtlZATION    OF    AGID-FOBMINa 
BACTEBIA  OF  HIGH  THERMAL  DEATH  POINT. 

Since  certain  strains  of  typical  lactic-acid  bacteria  are  known  to  be 
able  to  withstand  pasteurizing  temperatures,  it  seems  possible  to 
make  use  of  their  resistance.  It  has  been  suggested  that  cultures  of 
lactic-acid  bacteria  be  added  to  milk  after  pasteurization  in  order  to 
insure  a  normal  souring.  A  process  of  that  nature  would  necessarily 
involve  a  danger  of  contamination  by  pathogenic  bacteria  from 
employees  at  the  dairy,  since  the  acid-forming  bacteria  are  to  be  added 
after  the  heating  process.  By  the  use  of  a  lactic-acid  organism  of 
high  thermal  death  point  it  would  be  possible  to  add  the  culture  to  the 
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raw  milk  and  then  pasteurize.  One  experiment  was  tried  to  show  this 
point.  As  may  be  seen  from  Table  20,  a  sample  of  certified  milk  was 
divided  into  two  parts  of  800  cubic  centimeters  each.  Both  portions 
were  heated  in  sterile  flasks  for  30  minutes  at  62.8''  C.  (HS"'  F.).  To 
one  flask  6  cubic  centimeters  of  a  high-temperature  resistant  lactic- 
acid  culture  was  added  before  pasteurization.  The  effect  of  the  addi- 
tion of  the  culture  can  be  seen  by  the  change  in  the  milk  when  held  at 
room  temperature.  After  four  days  the  milk  without  the  culture  was 
curdled  with  a  rennet  curd  and  was  partly  peptonized,  very  little  acid 
having  developed.  The  other  sample  to  which  the  heat  resistant  cul- 
ture was  added  was  curdled  on  the  fourth  day  and  showed  a  smooth 
firm  acid  curd  with  no  digestion.  By  the  addition  of  the  culture 
before  pasteurization  in  sealed  bottles  subsequent  infection  would  be 
impossible.  This  possibility  of  addition  of  high  temperature  resistant 
lactio-acid  bacteria  is  merely  suggested  for  those  who  advocate  the 
addition  of  cultures  after  pasteurization. 

Tabl£  20. — Change  in  add  development  in  pasteurized  milk  prodiLced  by  the  addition  of 
high-iemperature  resisting  laciic-acia  bacteria  previous  to  pasteurization. 

PER  CENT  LACTIC  ACID. 
[Samples  held  at  room  temperature,  21.1'-23.9''  C.  (TO'-TS"  F.).] 


Certified  milk  pasteurized  at  (145*)  62.8"  C.  for  30  minutes 

Some  of  same  milk  with  5  c.  c.  of  high-temperature  resisting  lactioaeid  cul- 
ture added  to  800c.  c.  of  mUk;  milk  then  pasteurized  at  62.8*  C.  (145*^.) 
for  30  minutes 
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1  Curdled  and  peptonized. 


>  Curdled,  acid  ourd. 


QTJALITATIVE  STUDY  OF  THE  GOMPUBTE  BACTEBIAL  FLORA  OF 

ONE   SAMPLE   OF  PASTEUBIZED  ICTLK. 

Since  in  the  qualitative  study  of  the  bacteria  surviving  pasteuriza- 
tion a  few  typical  cultures  representing  each  group  were  selected  from 
each  sample,  it  was  thought  advisable  to  make  a  more  thorough  quali- 
tative study  of  the  bacteria  in  one  sample  of  pasteurized  milk. 

The  complete  bacterial  flora  of  one  sample  of  milk  pasteurized  for 
30  minutes  at  60°  C.  (140®  F.)  and  another  portion  of  the  same  milk 
pasteurized  at  65.6°  C.  (150°  F.)  were  studied  quahtatively. 

Litmus  lactose  gelatin  plates  were  made,  and  after  6  days'  incuba- 
tion at  18°  C.  (64.4°  F.)  each  colony  was  picked  off,  purified  by 
plating,  and  studied.  The  A  series  of  cultures  is  made  up  of  176  cul- 
tures picked  from  a  plate  from  milk  pasteurized  at  60°  C.  (140°  F.). 
The  B  series  is  composed  of  92  cultures  from  a  plate  from  nulk  pas- 
teurized at  65.6°  (150°  F.).     Each  series  has  been  divided  into  five 
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divisions  according  to  the  differentiation  of  the  bacteria.  Table  21 
shows  the  A  series.  Division  1,  figure  27,  shows  the  division  of  the 
176  cultures  of  bacteria  which  survive  pasteurization  at  60°  C. 
(140°  F.)  into  three  groups — the  acid,  the  alkali,  and  the  peptonizing 
group. 

Per  cent. 

Acid  group 94.  88 

Alkali  group 1. 13 

Peptonizing  group 3. 97 

In,  division  2  the  acid  group  has  been  further  divided  as  shown  and 
the  percentages  given.  Each  division  shows  the  complete  percent- 
ages of  the  various  classes.  Division  5  shows  the  final  classification 
and  percentages.  Each  subdivision  of  division  5  has  been  given  a 
letter  which  makes  it  possible  by  the  use  of  the  following  key  to  deter- 
mine the  complete  reactions  of  the  bacteria  in  each  subdivision: 

KEY  TO  LETTERS  AND  SIGNS  USED  IN  FOBMULA   SHOWING  CULTURAL 

REACTIONS   OF  THE   SUBDIVISIONS. 

The  formula  reads  in  the  order  of  the  numerals: 

1.  B— BaciUi. 
C — Cocci. 

2.  A — Gelatin  not  liquefied. 
X — Gelatin  liquefied. 

Xi-1-10  mm.  of  liquefaction. 
Xa-over  10  mm.  of  liquefaction. 

3.  Gram (±) 

4.  Nitrate  reduced N  (±) 

6.  Dextrose  (sugar  broth) 1^  (i) 

6.  Lactose  (sugar  broth) L  (±) 

7.  Saccharose  (sugar  broth) C(±) 

8.  Galactose  (sugar  broth) G  (±) 

9.  Mannite M  (±) 

10.  Raffinose  (sugar  broth) R  (±) 

11.  Glycerin  broth Glyc.  (±) 

12.  Inulin  broth I  (±) 

1 3.  Starch  broth : S  ( ± ) 

14.  Pigment  production P(±) 

The  formulas  of  the  reactions  of  the  subdivisions  are  given  in 
Table  21. 
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Formula  o(  nwtio 


CA+N-D+-I,+l'iO-*-Mi:l 
CA+N-D+L+C±G+M±I 
CA+N-D  +  L+C±0  4-M±I 
CA+N-D+L+C±G+M±I 
CA+N-R+L+C±G+M±I 
CA-»-S+D+L+C±0  +  M±l 
CA  +  N+D+I,+C±G  +  M±I 
CA  +  fI+D  +  l,+C±G  +  M±l 
CA+N+n+L+C+0+M± I 
CA+N-i-D+L+C±G  t-M-t 

CA+*i+n+T,+r±a+Mt 

CA-N-D+L+Ci O f M± 

CA-N-D+L+C±G  +  M±i 
CA-N+D+I.-C±0+M  + 
GA-N+D+L+C±G+M± 
CA-Nin+L+r±rt-'-Mt 
CA-N+D+L+r±a+M± 
CA+K4  D-L-C-G-M- 
CXi-V-n+L+C+G+M- 
CXi+N-0+L+r+C+M± 


The  formula  reads  as  follows,  as  shown  in  table: 

Subdivision  A: 
C.  Coccus. 

A.  Gelatin  not  liquefied. 
+.  Gram+. 

N  — .  Nitrate  nol  reduced. 
D+.  Acid  produced  in  dextrofie  iimlli. 
L+.  Acid  produced  iu  lactose  broth. 
C±.  May  or  may  not  produce  acid  in  saccharose  broth. 
G+.  Acid  produced  in  galactose  brath. 
H±-  May  or  may  not  produce  acid  in  mannite  brotti. 
B— .  No  acid  produced  in  rafiinose  broth. 
Gly.  — .  No  acid  produced  in  glycerin  broth. 
I  —  .  No  acid  produced  in  inulin  broth. 
S±.  May  or  may  not  produce  acid  in  slarch  broth. 

The  B  series  of  cultures  from  milk  pasteurized  at  65.6°  C.  (150°  F.) 
were  divided  in  a  similar  maimer  as  shown  in  Fig.  28.  The  formulas 
of  the  reactions  of  the  subdivisions  are  given  in  Table  22. 


Table  22. — Culhiral  reoftiont  of  orpanwms  i 
mili  ■patUuraed for  SO  miwil 


iubdivi»ion»—eulture»  of  B  serU*  /to 
i  at  65-6"  C.(IS0°F.). 


Bubdivl- 

r™.,..„«..,.„. 

1 
f 

CA+N- 
CA+V- 

CA+N+ 
CA+N+. 
CA+S-t- 
CA+N+ 

8i:S: 

CA-N+ 

±n  +  M±RJ-Gyc 
id  +  MtR  +  Oyo 
±0+M±R*Gyc 

±0+«±R4-Gyc 

*G+M±R-l-ayc 
±G+MtR  +  Gyc 

-  +S+ 

-  -3+ 
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By  this  system  of  division  one  is  able  to  see  at  a  glance  the  general 
groups  of  bacteria  which  survived  pasteurization  in  one  sample  of 
milk  heated  at  60°  C.  (140*^  F.)  and  65.6°  C.  (150°  F.).  Or  if  desired, 
the  complete  reactions  of  the  various  classes  of  bacteria  can  be  deter- 
mined. There  is  little  that  need  be  said  regarding  the  results,  for 
they  are  plainly  shown.  The  most  noticeable  features  were  the  high 
percentage  of  the  acid-forming  bacteria  and  the  low  percentage  of  the 
peptonizing  group.  It  may  be  seen  that  a  large  percentage  of  the 
acid  group  were  typical  lactic  acid  bacteria  as  based  on  the  formula 
of  subdivision  A. 

ST7M1CABY. 

1.  The  average  temperature  used  throughout  the  country  with 
the  ^'holder"  process  is  62.8°  C.  (145°  F.).  With  the  ''flash"  process, 
71.1°  C.  (160°  F.). 

Reports  from  219  milk  plants  show  that  75  used  the  *' holder"  and 
144  the  ''flash"  process.  The  range  in  temperatures  is  from  60°  C. 
(140°  F.)  to  82.2°  C.  (180°  F.).  Of  the  plants  using  the  "holder" 
process  only  1.3  per  cent  employ  temperatures  too  low  for  proper 
pasteurization.  Of  those  which  use  the  "flash"  process  approxi- 
mately 42  per  cent  use  temperatures  too  low  to  be  eflFective. 

2:  Percentage  bacterial  reduction  is  of  no  value  in  determining  the 
efficiency  of  the  process  of  pasteurization.  As  a  general  rule  when 
the  bacterial  content  of  raw  mUk  is  high  there  will  be  a  high  per- 
centage reduction.  When  the  bacterial  content  is  low,  then  the  per- 
centage reduction  is  often  low.  The  percentage  bacterial  reduction 
may  be  99.9  per  cent  and  yet  the  pasteurized  milk  may  show  a  count 
of  100,000  per  cubic  centimeter.  When  the  pasteurized  milk  con- 
tains only  10,000  bacteria  per  cubic  centimeter  the  percentage 
reduction  may  only  have  been  95  per  cent.  It  is  often  impossible  to 
obtain  a  99  per  cent  reduction  when  a  good  quality  of  milk  is  pas- 
teurized, therefore  regulations  which  require  a  99  per  cent  reduction 
of  bacteria  during  pasteurization  are  of  no  value. 

3.  A  heating  period  of  three  hours  causes  a  marked  increase  in  the 
reduction  of  bacteria  in  milk  over  one-half  hour's  heating,  when  a 
temperature  of  54.4°  C.  (130°  F.)  and  57.2°  C.  (135°  F.)  are  used. 
At  60°  C.  (140°  F.)  the  increased  reduction  is  much  less.  According 
to  the  results  of  one  experiment  in  this  investigation,  a  six  hours' 
period  of  heating  at  62.8°  C.  (145°  F.)  does  not  produce  any  more 
destruction  of  bacteria  than  does  one-half  hour's  heating. 

4.  Sudden  cooling  from  62.8°  C.  (145°  F.)  or  71.1°  C.  (160°  F.) 
within  15  seconds  to  from  1.7°-3.9°  C.  (35°-39°  F.)  does  not  cause 
any  destruction  of  bacteria.  The  long-prevailing  idea  that  sudden 
cooUng  is  an  essential  part  of  the  process  of  pasteurization  is  errone- 
ous so  far  as  any  increased  destruction  of  bacteria  is  concerned.    Its 


QUALITATIVB  STUDY  OF  BACTEBIAL  FLOBA.    •  59 

value  lies  only  in  the  fact  that  milk  suddenly  cooled  is  not  allowed  to 
stand  at  temperatures  between  37.8*"  C.  (100°  F.)  and  10°  C.  (50°  F.)> 
where  rapid  bacterial  development  might  occur. 

5.  Four  distinct  groups  of  bacteria,  the  acid-forming,  the  inert, 
the  alkali-forming,  and  the  peptoni2dng,  survive  pasteurization,  as 
differentiated  by  their  reactions  in  litmus  milk  after  14  days'  incu- 
bation at  30°  C.  (86°  F.). 

The  percentage  of  the  acid  group  is  increased  by  pasteurization 
while  the  other  groups  are  decreased  in  their  percentage  of  the  total 
bacteria.  The  average  percentage  of  lactic  acid  bacteria  in  raw  milk 
which  survive  pasteurization  for  30  minutes  at  62.8°  C.  (145°  F.) 
ranges  from  1.27  per  cent  to  4.55  per  cent  in  the  various  grades  of 
milk. 

When  the  temperature  of  pasteiuization  is  below  76.7°  C.  (170°  F.) 
the  bacterial  flora  of  milk  is  composed  for  the  most  part  of  organisms 
of  the  acid  group.  At  temperatures  above  76.7°  C.  (170°  F.)  the 
acid  group  is  largely  destroyed  and  the  majority  of  the  bacteria 
which  survive  are  of  the  peptonizing  type.  These  bacterial  group 
relations  are  clearly  shown  in  the  figures  in  the  conclusions. 

6.  When  different  grades  of  milk  are  pasteurized  at  62.8°  €• 
(145°  F.)  in  the  laboratory  and  held  at  room  temperature  the  bac- 
terial flora  may  undergo  three  distinct  changes.  First,  when  a  fair 
quality  of  milk  is  pasteurized  the  acid  group  may  develop  at  once  and 
overgrow  all  the  other  groups,  forming  acid  and  producing  a  normal 
curd.  Second,  when  a  poor  quality  of  milk  is  pasteurized  the 
peptonizing  group  may  grow  rapidly  at  first  along  with  the  acid 
group,  which  later  overgrows  them.  In  this  case  the  milk  wiD  first 
become  curdled  with  a  rennet  curd  due  to  the  peptonizing  bacteria^ 
then  later  will  become  sour  from  the  development  of  the  lactic-acid 
group  of  organisms.  Third,  when  a  'good  grade  of  milk  is  pasteur- 
ized the  peptonizing  bacteria  may  overgrow  the  acid  group  of  organ- 
isms so  that  the  milk  becomes  peptonized  without  the  develop- 
ment of  any  acid.  These  same  grades  of  milk,  treated  in  the  same 
manner  but  held  in  an  ice  chest  at  10°  C.  (50°  F.),  show  entirely 
different  changes  in  their  bacterial  contents.  The  growth  of  the  * 
peptonizing  group  is  restrained  so  that  they  are  of  little  importance. 
The  percentage  of  the  acid  group  remains  about  the  same  through  a 
long  period.  Occasionally  the  percentage  of  the  alkali  group  may 
increase  after  five  days,  but  eventually  the  acid  group  forms  the 
major  group.  These  results  were  obtained  from  laboratory  experi- 
ments and  only  indicate  possible  changes  in  the  bacterial  flora  of 
pasteurized  milk  when  held  at  different  temperatures.  They  show 
the  delicate  balance  between  the  bacterial  groups,  but  can  not 
be  applied  to  indicate  the  bacterial  changes  in  milk  pasteurized  and 
handled  under  commercial  conditions. 
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7.  A  qualitative  study  of  the  acid  group  shows  that  many  organ- 
isms giving  characteristics  of  the  typical  lactic-acid  bacteria  survive 
pasteurization  for  30  minutes  at  62.8°  C.  (145*"  F.).  Other  lactic- 
acid  forming  bacteria  survive  which  may  form  pigment  or  vary  from 
the  typical  lactic  types  in  the  fermentative  reactions. 

Tlie  inert  group  was  made  up  of  organisms  which  produce  no 
change  in  litmus  milk  during  14  days'  incubation,  and  therefore 
include  many  which  did  not  grow,  but  which  according  to  the  method 
of  differentiation  would  be  included  as  inert  forms.  The  only  truly 
inert  form  recognized  was  a  yellow  pigment-forming  organism.  The 
inert  group  is  probably  of  little  importance. 

The  alkali  group  which  survive  pasteurization  is  of  importance. 
Bacteria  of  this  gioup  can  not  be  differentiated  from  those  of  the 
inert  group  or  from  slow  acid-forming  organisms  by  plating,  but  are 
easily  determined  by  the  milk-tube  method.  They  grow  at  low 
temperatures  and  produce  a  strong  alkaline  reaction  in  milk.  In 
pure  cultures  enough  alkali  is  produced  to  dissolve  the  casein.  No 
acid  is  produced  in  fermentation  broths,  but  often  an  alkaline  reaction 
is  found. 

The  peptonizing  gioup  includes  those  organisms  which  peptonize 
casein.  A  number  of  the  organisms  isolated  peptonized  casein,  but 
did  not  liquefy  gelatin.  Various  types  of  this  group  are  able  to  sur- 
vive pasteurization  and  vary  widely  in  their  cultural  characteristics. 

The  few  gas-forming  bacteria  in  pasteurized  milk,  so  far  as  the 
results  of  this  investigation  indicate,  do  not  include  organisms  of  the 
colon-aerogenes  group.  One  gas-forming  organism  was  found  which 
produced  gas  in  milk  and  peptonized  casein.  Another  culture,  known 
as  Z,  seems  to  be  an  entirely  new  type,  which  is  characterized  by  its 
ability  to  produce  gas  continuously  in  milk  through  a  long  period, 
and  by  the  fact  that  while  gas  is  formed  in  milk  none  is  formed  in 
lactose  broth. 

Gas-forming  anaerobic  bacteria  are  often  found  in  milk  which  pro- 
duce gas  in  lactose  bile  tubes  and  which  might  be  mistaken  in  a 
preliminary  test  for  the  colon  organism. 

8.  In  view  of  the  fact  that  gas-forming  organisms  survive  pas- 
teurization which  will  give  the  preliminary  test  for  the  colon  organ- 
ism by  the  lactose  bile  fermentation-tube  method,  it  seems  advisable 
to  suggest  that  boards  of  health  which  depend  on  the  presence  of  the 
colon-aerogenes  group  as  an  indication  of  reinfection  or  ineflScient 
pasteurization  make  a  complete  determination  by  cultural  reactions 
of  organisms  suspected  as  being  colon  forms. 

9.  The  thermal  death  point  of  one  lactic  acid  organism  isolated 
during  this  investigation  was  79.4°  C.  (175°  F.)  when  a  broth  culture 
was  heated  in  Sternberg  bulbs  for  30  minutes.  The  thermal  death 
points  of  64  acid-forming  bacteria  from  one  sample  of  milk  which 
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survived  pasteurization  for  30  minutes  at  82.2®  C.  (180*^  F.)  deter- 
mined roughly  was  between  82.2®  C.  (180°  F.)  and  93.3®  C.  (200®  F.). 

10.  Only  a  small  percentage  of  spore-fonnij^  bacteria  are  found 
in  milk  pasteurized  for  30  minutes  at  62.8®  C.  (146®  F.).  Of  225  cul- 
tures selected  at  random  which  were  studied,  only  3,  or  1.35  per  cent, 
formed  spores. 

11.  For  those  who  advocate  the  inoculation  of  pasteurized  milk 
after  heating,  with  a  culture  of  lactic  acid  bacteria  to  produce  a 
normal  souring,  it  is  suggested  that  a  culture  of  a  high-temperature 
resisting  lactic-acid  organism  may  be  added  before  pasteurization. 
By  such  a  method  there  would  be  no  danger  of  infection  as  might 
result  accidentally  by  inoculation  i^ter  pasteurization. 

12.  In  view  of  the  results  of  this  investigation  it  seems  that  the 
control  of  pasteurization  should  be  maintained  by  bacterial  limits 
for  the  milk  to  be  pasteurized,  together  with  supervision  which  will 
insure  the  use  of  the  proper  pasteurizing  temperature  and  guard 
against  reinfection.  A  bacterial  standard  then  need  not  be  set  for 
pasteurized  milk. 

OONCLTTSIONS. 

The  results  in  this  paper  are  based  upon  laboratory  experiments 
performed  under  conditions  which  made  reinfection  impossible. 
The  bacteria  which  survived  pasteurization,  therefore,  represent  those 
bacteria  which  could  not  be  destroyed  at  the  temperature  of  pasteuriza- 
tion. A  temperature  of  62.8®  C.  (145®  F.)  for  30  minutes  was  used 
in  nK>st  of  the  experiments,  since  that  is  the  most  universally  used 
temperature  with  the  "holder"  process  in  this  country.  Higher 
temperatures,  however,  were  also  used  in  order  to  show  the  changes 
in  the  bacterial  groups  which  survived.  From  the  results  of  the 
work  it  has  been  possible  to  show  graphically  in  figure  29  the  hypo- 
thetical relations  of  the  bacterial  groups  in  raw  milk  and  milk  pas- 
teurized by  the  '^ holder"  process  at  various  temperatures  under 
laboratory  conditions.  The  bacterial  flora  of  the  various  kinds  of 
milk  is  represented  by  columns  of  equal  length  divided  into  sections, 
which  represent  in  a  general  way  the  relative  size  of  the  bacterial 
groups. 

From  the  figure  it  may  be  seen  that  raw  milk  contains  four  prin- 
cipal groups  of  bacteria — the  acid,  the  inert,  alkali,  and  peptonizing 
groups.  The  acid  group  is  divided  into  two  groups — the  acid-coagu- 
lating, which  coagulates  milk  in  less  than  14  daj^s,  and  the  acid 
group,  which  merely  produces  acid  and  does  not  coagulate  milk 
inside  of  14  days.  In  raw  milk  the  inert  group  is  the  largest.  In 
milk  pasteurized  at  62.8®  C.  (145®  F.)  the  great  increase  in  the  pro- 
portion of  the  acid-coagulating  and  acid  groups  is  plainly  shown. 
The  percentage  of  the  alkali  and  peptonizing  groups  are  reduced. 
At  71.1®  C.  (160®  F.)  the  total  acid  group  is  stiU  the  largest,  but 
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the  acid  coagulating  group  is  made  up  of  bacteria  which  coagulate 
very  slowly.  At  thie  temperature  the  alkali  group  is  greatly  reduced 
and  the  peptonizing  reduced  to  the  minimum.  At  76.7°  C.  (170°  F.) 
the  total  acid  group  remains  about  the  same,  but  the  organisms  pro- 
duce scid  and  coagulate  very  slowly.    The  alkali  group  is  practically 


Fio.  30. — The  hTpathstkBl  rriitiou  o[  Out  bacurlal  graupa  to  nw  and  i»»t«urti«d  milk. 

destroyed,  although  occasionally  a  sample  may  show  a  fairiy  high 
percentage.  The  most  important  change  is  in  the  peptonizing  group. 
At  this  temperature  the  percentage  of  the  peptonizing  group  to  the 
total  bacteria  begins  to  increase.  The  increase  when  milk  is  pas- 
teurized at  82.2°  C.  (180°  F.)  is  even  more  striking.  At  this  tem- 
perature over  75  per  cent  of  the  bacteria  which  survive  are  pep- 
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tonizers.  None  of  the  acid-coagulating  group  are  found  and  only 
a  amall  percentage  of  the  acid  group.  Occasionally  a  few  of  the 
iilkali  group  may  be  found.    At  87.8"  C.  (190"  F.)  and  93.3°  C. 


Rn.  Id.— Tha  bTpotbetJcd  nladon  ol  Cha  tactaiial  groups  in  n«  aod  pastsuiiLed  mUk. 

(200°  F.)  the  bacterial  groups  which  survive  are  about  the  same 
in  their  relative  sizee  as  at  82.2°  C.  (180°  F.).  The  hypothetical  rela- 
tions of  the  bacterial  groups  are  further  shown  in  figure  30.     The  rela- 
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tion  of  the  bacterial  groups  is  also  shown^  which  biings  out  more 
distinctly,  perhaps,  the  changes  in  the  bacteria]  groups.  Here 
the  reversal  of  the  percentages  of  the  total  acid  group  and  die  pep- 
tonizing group  in  milk  pasteurized  above  76.7°  C.  (170°  F.)  for  30 
minutes  is  plainly  shown.  It  is  very  evident  that  when  the  bac- 
terial flora  of  pasteurized  milk  is  under  discuB»on  the  temperature 
of  the  process  is  of  fundamental  importance.  From  these  figures 
the  bacterial  groups  in  various  Idnds  of  milk  may  be  seen  at  a 
glance,  and  they  summarize  in  a  very  general  way  the  most 
important  results  of  this  investigation.  It  must  be  remembered, 
however,  that  the  relations  of  the  bacterial  groups  only  represent 
average  conditions,  and  the  bacterial  flora  of  every  sample  of  milk 
must  not  be  expected  to  conform  exactly  to  these  averages.  Varia- 
tions in  methods  and  conditions  in  the  production  of  milk  beyond 
the  control  of  the  investigator  may  widely  influence  the  bacterial 
group  relations  of  an  individual  sample. 
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Table  I. — CompUle  characteritlia  of  the   different   wjrwiief   of  acid-forming   bacteria 
which  tvrvive  patleurizalion. 
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Table  III. — Complete  characteristics  of  the  different  varieties  of  the  peptonizing  bacteria 
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FACTORS  mFLUENCING  THE  CHANGE  IN  FLAVOR  IN 

STORAGE  BUTTER. 


INTRODUCTION. 

The  economic  conditions  in  this  country  which  have  made  it  neces- 
sary to  hold  butter  in  storage  for  long  periods  have  increased  the 
importance  of  the  changes  that  take  place  in  butter  on  standing. 
A  change  that  passes  unnoticed  in  butter  that  is  used  when  a  week  or 
two  old  may  become  a  serious  defect  after  three  or  four  months  in 
storage.  The  great  variation  and  complexity  of  the  changes  in  flavor 
indicate  a  corresponding  complexity  in  the  chemical  alteration  in  the 
butter,  and  while  it  is  true  that  some  of  the  modifications  are  well 
known  it  is  becoming  evident  that  the  various  flavors  are  produced 
by  changes  too  small  to  be  measured  by  the  ordinary  methods  of  the 
laboratory.  Under  certain  circumstances  free  fatty  acids  may  be 
formed;  a  condition  usually  associated  with  a  rancid  flavor.  How- 
ever, it  is  evident  that  the  fatty  acids  alone  are  not  the  cause  of  the 
rancid  flavor,  since,  in  the  process  of  renovating,  the  rancid  flavor 
is  removed  while  a  large  part  of  the  acid  remains. 

It  is  possible  that  the  flavor-giving  substances  are  produced  in  very 
small  quantities  and  that  their  formation  is  not  necessarily  connected 
with  or  in  proportion  to  the  grosser  changes  measurable  by  the  ordi- 
nary analytical  methods.  There  are  several  substances  in  butter 
that  are  more  or  less  unstable  under  ordinary  circumstances,  i.  e.,  the 
proteins  of  milk  in  their  hydrated  condition,  lecithin,  citric  acid,  lac- 
tic acid,  and  other  products  of  bacterial  action.  But  Uttle  work  has 
been  done  in  which  the  storage  flavor  was  shown  to  be  related  to 
chemical  changes  involving  any  of  these  substances.  This  is  proba- 
bly due  to  the  fact  that  while  butter  fat  is  easily  handled  for  analyti- 
cal purposes,  it  is  diflicult  to  separate  from  the  butter  fat  the  other 
fatUke  substances,  such  as  lecithin.  The  remaining  part  of  the 
butter,  which  will  be  called  the  butter  curd  solution,  is  of  such  a  physi- 
cal consistency  that  it  can  not  very  well  be  used  directly  for  quanti- 
tative analytical  work. 

In  considering  the  problem  of  storage  flavor,  its  causes,  and  the 
methods  of  studying  the  problem,  it  is  well  to  bear  in  mind  one  or 
two  of  the  facts  involved  in  the  physiology  of  the  senses  of  taste  and 
smell.  It  is  well  known  that  several  different  substances  may  taste 
alike:  Thus  sugar,  saccharin,  lead  acetate,  glycerin,  and  perhaps 
still  other  substances,  all  taste  sweet.    Chemically  they  are  not  at 
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all  similar.  While  trimethylamin  may  be  the  specific  cause  of  fishy 
flavor  in  herring  brine,  it  is  not  necessarily  the  cause  of  fishy  flavor 
in  butter.  It  is  possible,  reasoning  by  analogy,  that  many  different 
substances  may  cause  ''fishy"  flavor. 

The  sense  of  smell  is  very  delicate  and  can  detect  astonishingly 
small  amounts  of  material,  so  small  that  the  most  deUcate  balances 
could  not  weigh  them.  A  flavor  is  a  mixed  sensation  in  which  the 
sense  of  taste  and  smell  take  a  leading  part.  Howell '  states  that 
0.00005  grams  of  quinine  in  100  cubic  centimeters  of  water  is  detecti- 
ble  on  the  root  of  the  tongue.  ''It  is  recognized  in  chemical  work, 
for  instance,  that  traces  of  known  substances  too  small  to  give  the 
ordinary  chemical  reactions  may  be  detected  easily  by  the  sense  of 
smell.  According  to  the  experiments  of  Fischer  and  Penzoldt,  mer- 
captan  may  be  detected  in  a  dilution  of  4flD.0i0.000  ^^  ^  milligram 
in  50  cubic  centimeters  of  air."  * 

While  the  off  flavors  of  butter  may  not  be  caused  by  the  formation 
of  such  inconceivably  small  amounts  of  odoriferous  substances,  yet 
such  data  are  of  practical  significance  in  so  far  as  they  indicate  that 
the  analytical  method  of  studying  storage  flavors  may  be  wholly 
inadequate.  There  may  be  many  substances '  whose  isolation  or 
detection  in  butter  might  be  very  difficult  if  not  impossible  by  present 
methods,  and  which  would  still  impart  to  the  butter  sufficient  odor 
and  taste  to  be  distinctly  perceptible. 

POSSIBLE  CAUSES  OP  CHANGE. 

The  marked  influence  of  bacteria  on  the  flavor  of  milk,  cheese,  and 
other  dairy  products  naturally  leads  to  the  conclusion  that  the  same 
organisms  would  be  an  important  if  not  the  only  factor  concerned  in 
the  changes  in  butter.  It  has  been  demonstrated,  pfolicularly  by  the 
work  of  Jensen,'  that  under  certain  conditions  bacteria  multiply  in 
butter  and  have  a  direct  influence  on  the  flavor  of  the  product. 

It  should  be  remembered,  however,  that  the  butter  on  which 
Jensen  and  other  European  investigators  worked  differs  in  one  very 
essential  particular  from  the  ordinary  American  butter.  While  the 
salt  content  of  most  European  butter  is  low  enough  to  permit  the 
growth  of  bacteria,  American  butter  contains  sufficient  salt  to  bring 
its  concentration  in  the  water  of  the  butter  to  18  per  cent  or  more. 
It  is  to  be  expected  that  bacteria  would  not  grow — or  at  least  would 

1  HoweU,  William  H.    Textbook  of  Physiology.    Fhiladelpliia,  1906.    See  pp.  37fr-260. 

s  Zwaardemaker,  H.  Oeruch.  ErgebniaBe  der  Physiologie.  AbteUuag  2,  toL  1,  pp.  896-000.  Wies- 
baden, 1902. 

>  Jensen,  Orla.  Bakteriologlache  Studien  flber  dfinisclie  Batter.  Centralblatt  fOr  Bakteriologie,  Para- 
dtenkonde  und  Infektimrnkrankhelten.    Abtellimg  2,  toL  29,  na  88/26,  pp^  610-616.    Jena,  Apr.  8, 1911. 

Jensen,  Orla.  Stadlen  ilber  das  Ranzigwerden  der  Butter.  Centralblatt  fOr  Bakteriologie.  Parasi- 
tenkonde  und  Infektianfikrankhelten.  Abteilung  2,  vol.  8,  no.  1,  pp.  11-16,  Jan.  4;  no.  5,  pp.  140-144,  Feb. 
fi;  na  6,  pp.  171-174,  Feb.  10;  no.  7,  pp.  211-216,  Feb.  17;  na  8,  pp.  248-2S2,  Feb.  24;  na  9,  pp.  27»-a81, 
Mar.  4;  na  10,  pp.  309-312,  Mar.  8;  na  11,  pp.  342-346,  Mar.  13;  na  12,  pp.  367-869,  Mar.  IS;  na  13,  pp. 
406-409,  Mar.  24.    Jena,  1902. 
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grow  only  very  sparsely — under  these  conditions,  and  the  investiga- 
tions in  this  country  confirm  this  supposition.  Rahn,  Brown,  and 
Smith*  found  in  some  samples  of  butter  a  torula  able  to  grow  very  slowly 
in  salt  solutions  at  low  temperatures,  but  this  occurred  in  such  small 
numbers  that  it  could  not  account  for  much  of  the  deterioration  of 
the  butter.  In  our  own  work  we  have  found  no  evidence  of  bacterial 
growth  under  normal  conditions,  with  the  exception  of  a  small  multi- 
plication of  torula  at  high  storage  temperatures.  In  these  cases 
there  was  no  apparent  relation  between  the  growth  of  torula  and 
change  in  flavor.  Moreover,  the  same  changes  took  place  in  dupli- 
cate lots  of  butter  held  at  temperatures  so  far  below  the  freezing 
point  that  there  could  be  no  possibility  of  growth.  Any  fl&vors  that 
appear  in  butter  may  be  found  in  butter  held  at  the  commercial 
storage  temperature  of  zero  or  below  (Fahrenheit),  and  any  explana- 
tion of  the  cause  of  these  changes  which  does  not  take  this  fact  into 
consideration  is  obviously  fallacious,  or  at  best  vaUd  for  certain  con- 
ditions only. 

In  some  of  our  earlier  work*  the  possible  influence  of  lipolytic 
enzyms  was  suggested,  but  it  was  soon  found  that  in  many  cases 
butter  showed  a  marked  change  in  flavor  without  any  appreciable 
hydrolysis  of  the  fat.  This  observation  is  confirmod  by  the  work  of 
Rahn,  Brown,  and  Smith  cited  above.  The  action  of  other  enzyms, 
as,  for  instance,  the  proteolytic  enzym  of  the  milk  or  those  secreted 
by  bacteria,  is  not  necessarily  excluded. 

The  influence  of  the  acidity  of  the  cream  on  the  flavor  of  butter  has 
already  been  pointed  out.'  It  has  also  been  suggested  *  that  a  slow 
oxidation  may  take  place  in  the  interior  of  a  package  of  butter,  due 
to  the  numerous  small  bubbles  of  air  inclosed  in  the  butter.  Even  a 
superficial  examination  of  the  work  already  done  shows  that  the  ques- 
tion is  a  very  complicated  one  and  that  the  diificulties  in  the  way  of  a 
solution  are  many.  In  studying  the  ripening  of  cheese  pronounced 
chemical  changes  are  available  for  measuring  the  progress  of  the  ripen- 
ing. In  butter  the  changes  are  scarcely  appreciable.  The  investi- 
gator is  thus  forced  to  rely  on  the  sense  of  taste  and  smell  for  a 
measure  of  the  change.  Some  butter  judges  have  developed  marked 
ability  in  detecting  and  estimating  the  intensity  of  various  flavors, 
but  at  best  the  sense  of  taste  is  uncertain,  and  any  numerical  scale 
based  on  this  faculty  is  necessarily  an  arbitrary  one  and  subject  to 
fluctuation  in  its  value.     Two  butter  judges  can  not  be  expected 

1  Rahn,  Otto,  Brown,  C.  W.,  and  Smith,  L.  M.  Keeping  qualltiea  of  Ixitter.  Hlohlgan  Agricultural 
College  Experiment  Station,  Technical  Bulletin  2.    East  Lansing,  September,  1909. 

>  Rogers,  Lore  A.  Studies  upon  the  keeping  quality  of  butter.  United  States  Department  of  Agricul- 
ture, Bureaa  of  Animal  Industry,  Bulletin  57,  Washington,  1904. 

s  Rogers,  L.  A .,  and  Gray,  C.  E .  The  influence  of  acidity  of  cream  on  the  flavor  of  butter.  United  States 
Department  of  Agriculture,  Bureau  of  Animal  Industry,  Bulletin  114,  Washington,  1909. 

*  Rogen,  L.  A.  Fishy  flavor  In  butter.  United  States  Department  of  Agriculture,  Bureau  of  Animal 
Industry,  Ciroular  146,  Washington,  1900. 
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always  to  agree,  because  the  definitions  of  flavors  can  not  be  reduced 
to  exact  terms  and  the  amount  of  deduction  on  the  numerical  scale 
for  various  flavors  can  not  be  fixed. 

The  most  serious  difficulty  in  experimental  work  on  butter  is  in 
controlling  the  conditions  under  which  the  butter  is  made.  So  many 
apparently  unimportant  factors  have  an  influence  on  the  flavor  that 
it  13  nearly  impossible  to  make  butter  with  a  normal  flavor  and  have 
only  one  varying  factor.  The  work  is  further  complicated  by  the 
sequence  of  flavors  that  frequently  occurs  in  butter  held  in  storage. 
It  is  evident  that  the  usual  off  flavors  are  in  many  cases  a  combination 
of  flavors  and  that  the  flavors  themselves  are  caused  by  a  combination 
of  circumstances  and  not  by  a  single  cause.  It  is  probable  also  that 
identical  flavors  may  be  caused  by  different  factors. 

In  the  work  reported  in  this  paper  we  have  attempted  to  determine 
the  part  played  by  certain  factors  in  the  general  change  in  flavor  in 
storage  butter  without  directing  the  investigation  toward  any  par- 
ticular flavor  or  attempting  to  cover  all  of  the  causes  of  deterioration. 

In  this  we  have  been  guided  by  the  previous  work,  which  has  indi- 
cated certain  points  at  which  the  problem  could  be  attacked  with 
some  promise  of  positive  results.  It  has  been  observed,  for  instance, 
that  when  a  lot  of  sweet  cream  is  divided,  one  half  churned  at  once 
and  the  other  half  pasteurized  and  churned,  the  butter  from  the 
unpasteurized  half  deteriorates  very  quickly,  while  the  pasteurized- 
cream  butter  has  exceptionally  good  keeping  qualities.  What  has 
been  removed  by  the  pasteurization  that  has  such  a  marked  influence 
on  the  butter?  The  enzyms  of  the  milk  are  partly  or  entirely 
destroyed  and  a  large  proportion  of  the  bacteria  are  killed.  Are  the 
proteolytic  enzyms  of  the  milk  able  to  work  under  the  conditions 
existing  in  butter  and  have  they  any  influence  on  the  flavor  of  the 
butter?  Is  there  any  appreciable  proteolysis  ia  butter  even  under 
favorable  conditions  ?  If  the  two  lots  of  cream  are  ripened,  the  keep- 
ing quaUty  of  the  butter  from  the  unpasteurized  cream  is  increased, 
while  that  from  the  pasteurized  cream  is  decreased.  In  the  process 
of  ripening  the  bacterial  growth  is  confined  almost  entirely  to  one 
variety,  but  it  does  not  necessarily  follow  that  these  bacteria  have 
any  direct  deleterious  action.  The  growth  of  the  bacteria  produces  a 
considerable  quantity  of  acid,  and  the  chemical  instability  of  the 
product  is  increased  accordingly. 

Does  the  air  which,  as  has  been  shown,  is  inclosed  in  the  butter 
effect  an  appreciable  oxidation  ?  Milk  and  cream  is  handled  in  con- 
tainers in  which  it  may  be  exposed  to  tin,  iron,  or  copper.  Under 
these  conditions  it  is  reasonable  to  suppose  that  small  amounts  of  the 
metals,  especially  the  iron  and  copper,  will  be  dissolved  and  carried 
into  the  butter.  Do  the  salts  formed  by  the  metals  with  organic  acids 
of  the  cream  affect  the  flavor  of  the  butter  ? 
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PROTEOLYSIS  IN  BUTTER. 

It  has  long  been  known  that  butter  differs  from  milk  in  its  compo- 
sition only  in  the  relative  amounts  of  the  constituents  present  in  the 
two.  Among  these  constituents  which  early  attracted  attention  as 
possible  causes  of  storage  flavor  because  of  their  chemical  instability 
were  the  proteins,  mai3y  casein.  Protdns  in  the  hydrated  or  moift 
condition  in  the  presence  of  water  are  known  to  be  unstable,  and  it  is 
but  natural  that  these  substances,  wherever  they  may  occur  in  food, 
should  be  looked  upon  as  possible  sources  of  off  flavor.  It  is  almost 
certain  that  in  butter  containing  no  salt,  or  salt  in  an  insufiicient 
amount,  or  in  butter  that  is  not  stored  at  sufficiently  low  tempersr- 
ture,  the  proteins  present  do  undergo  hydrolysis  and  perhaps  putre- 
faction and  other  obscure  changes  as  well.  But  the  present  work 
does  not  concern  itself  with  such  material.  The  problem  is:  If  stor- 
age flavor  develops  in  butter  properly  made  and  properly  stored,  do 
the  proteins  contribute  in  any  way  toward  this  off  flavor? 

Certain  conditions  in  butter  favor  proteolytic  changes,  namely,  the 
presence  of  water,  bacteria,  and  of  the  proteolytic  enzym  known  as 
galactase,  which  occurs  normally  in  milk.  Other  conditions,  as  low 
temperature,  the  presence  of  sodium  chlorid,  the  partial  inactivation 
of  the  galactase  by  pasteurization,  tend  to  prevent  or  retard  proteo- 
lytic changes. 

It  has  already  been  shown  by  other  investigators  that  under  con- 
ditions of  comparatively  high  temperature  and  low  salt  the  butter 
proteins  will  undergo  changes.  In  the  present  work  an  attempt  was 
made  to  determine  whether  the  galactase  present  in  butter  made  from 
pasteurized  or  from  unpasteurized  cream  can  digest  casein  in  spite  of 
the  retarding  influence  of  low  temperature  and  high  salt  concenr 
tration. 

PREVIOUS   WORK. 

Arwlytiical  difficulties. — ^When  butter  is  melted  and  allowed  to  stand, 
the  water  present,  containing  the  salt  and  casein  in  solution  and  in 
suspension,  will  settle  to  the  bottom  of  the  container,  leaving  the 
supernatant  fat  clear.  The  fat  may  be  poured  off  and  filtered  if 
desired  and  at  once  used  for  quantitative  work.  However,  all  of  the 
fat  can  not  be  poured  off,  because  part  of  it  is  thoroughly  mixed  with 
the  particles  of  curd,  so  that  after  the  most  careful  removal  of  fat 
by  decantation  a  considerable  amount  is  stUl  left.  Some  of  this 
residual  fat  can  be  removed  by  the  addition  of  ether.  This  will  dis- 
solve the  fat  on  the  upper  surface  of  the  curd  solution  and  permit 
more  fat  to  rise;  but  even  three  6t  four  such  washings  with  ether  still 
leaves  in  the  curd  solution  a  considerable  quantity  of  fat,  probably 
20  grams  of  fat  in  100  cubic  centimeters  of  curd  solution.  It  is 
obvious  that  such  a  mixture  of  fat,  sodium  chlorid  solution,  and 

66711^— Bull.  162— 33 2 
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casein  suspension  is  not  very  well  adapted  to  quantitative  work. 
The  material  will  not  filter,  nor  can  small  samples  of  uniform  com- 
position be  easily  withdrawn  from  it. 

In  order  to  study  the  possible  changes  in  the  proteinB  of  butter, 
this  is  the  material  to  be  used.  In  principle,  the  method  of  testing 
for  the  presence  of  active  proteolytic  enzyms  in  this  material  is  no 
different  from  that  used  for  other  purposes,  as,  for  instance,  in  tracing 
the  proteolytic  changes  in  ripening  cheese  or  in  animal  tissue  under- 
going autolysis.  At  first  it  would  seem  as  if  there  should  be  no 
difficulty  in  making  the  usual  nitrogen  partition  in  this  curd  solution 
just  as  it  is  made  on  other  viscous  mixtures  that  are  equally  difficult 
to  filter  and  sample. 

Evidently  it  was  at  the  first  step  in  the  nitrogen  partition  that  the 
difficulties  began,  for,  to  the  best  of  our  knowledge,  none  of  the  pre- 
vious investigators  succeeded  in  precipitating  the  casein  in  the  curd 
solution,  ffitering  and  determining  nitrogen  in  the  filtrate  or  the  pre- 
cipitate, in  such  a  manner  as  to  enable  the  investigator  to  draw 
safe  conclusions  from  the  analytic  data  thus  obtained.  To  this  state- 
ment there  are  apparent  exceptions.  On  adding  acetic  acid  in  usual 
amounts  to  some  of  the  curd  solution  as  if  it  were  so  much  milk  for 
the  purpose  of  flocculating  the  casein  and  filtering  no  flocculation  is 
seen  to  occur  and  the  mixture  will  filter  so  slowly  as  to  make  quanti- 
tative work  unreliable  for  obvious  reasons.  If  the  cixrd  solution  be 
diluted  with  water  until  the  casein  can  be  flocculated  by  acetic  acid 
in  usual  amounts,  filtration  is  then  rapid  and  the  filtrate  can  then  be 
used  for  nitrogen  determinations.  The  nitrogenous  substances  in 
butter,  however,  are  about  75  per  cent  casein,  so  that  on  removal  of 
the  casein  there  is  so  little  nitrogen  left  in  the  filtrate  from  the  diluted 
curd  solution  that  the  unavoidable  errors  in  such  work  are  very  large 
when  compared  with  the  analytic  data  obtained.  Still  less  certain 
are  tlie  results  obtained  on  the  nitrogen  partition  in  such  a  filtrate, 
because  the  total  nitrogen  is  too  small  for  even  that  determination. 

In  order  to  avoid  the  introduction  of  comparatively  large  errors, 
we  made  many  attempts  to  increase  the  amount  of  curd  solution  used 
and  to  reduce  the  dilution  before  adding  the  precipitant.  Acetic  or 
other  acids  evidently  were  not  previously  used  in  quantities  sufficient 
to  flocculate  the  casein.  Other  precipitants,  such  as  ferric  chlorid, 
phosphotungstic  acid,  tannic  acid,  copper  sulfate,  etc.,  were  tried. 
When  added  to  curd  solutions  diluted  with  but  two  volumes  of  water, 
these  precipitants  will  thoroughly  flocculate  the  protein  and  give  a 
filtrate  that  is  clear,  comes  through  rapidly,  and  can  be  used  for 
quantitative  work.  Unfortunately,  these  precipitants  remove  from 
the  curd  solution  practically  all  of  the  nitrogen,  leaving  too  little  in 
the  filtrate.  The  water-soluble  nitrogen  in  good  butter  is  approxi- 
mately one-fifth  to  one-tenth  of  the  total,  and  in  so  far  as  the  total 
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nitrogen  is  represented  by  1  per  cent  of  curd,  or  about  0.1  to  0.2  per 
cent  of  nitrogen^  it  is  necessary  to  use  large  amounts  of  curd  solution 
for  these  precipitations  in  order  that  the  filtrates  may  contain  suffi- 
cient nitrogen  for  accurate  determinations. 

RemU8  hy  Gray  and  others. — Several  years  ago  (1906)  Mr.  C.  E. 
Gray,  then  connected  with  the  Dairy  Division,  began  a  study  of  the 
possible  proteolytic  changes  in  storage  butter  and  their  relation  to  the 
change  in  flavor.  Following  is  his  method  of  making  the  partition 
of  nitrogen  in  butter: 

Total  nitrogen. — Introduce  10  grams  of  butter  into  a  Kjeldahl  flask,  digest,  and 
distill  as  usual. 

To  obtain  nitrogen  in  other  forms:  Melt  2  kilos  of  butter  in  a  hot-water  jacketed 
funnel,  temperature  about  80®  C.  The  melted  butter  is  allowed  to  run  into  a  cream 
separator  with  a  special  bowl  having  a  capacity  of  700  cubic  centimeters  without  milk 
outlets.  This  vras  just  large  enough  to  hold  all  of  the  curd  solution  plus  a  small  amount 
of  fat.  As  the  butter  was  fed  in  the  bowl  soon  became  filled  and  the  excess  of  butter 
fat  ran  out,  leaving  the  curd  solution  in  the  bowl.  The  laiger  part  of  the  fat  was 
washed  out  by  feeding  gasoline  into  the  bowl.  The  last  portion  of  gasoline  was 
removed  by  feeding  in  water.  The  addition  of  water  was  stopped  as  soon  as  the  out- 
flowing liquid  carried  particles  of  casein.  In  this  way  the  curd  solution  in  2,000  grams 
of  butter  was  separated  from  most  of  the  fat.  The  contents  of  the  bowl  were  trans- 
feixed  to  a  1-liter  flask,  25  cubic  centimeters  of  10  per  cent  ferric  chlorid  solution 
were  added,  and  the  total  volume  made  up  to  the  mark.  The  mixture  was  filtered  on 
a  32-centimeter  filter  and  the  faintly  colored  filtrate  used  in  the  following  determina- 
tions. Although  but  600  to  700  cubic  centimeters  of  filtrate  were  obtained,  the 
results  on  aliquot  portions  were  always  calculated  to  1,000  cubic  centimeters. 

It  is  obvious  that  these  filtrates  contained  only  nitrogen  not  pre- 
cipitated by  ferric  chlorid;  that  is,  nitrogen  largely  in  the  form  of 
amino  acids  and  ammonia.  Certain  peptones  are  precipitated  by 
ferric  chlorid.* 

Total  soluble  nitrogen. — ^Transfer  50  cubic  centimeter  portions  of  the  filtrate  (cor- 
responding to  100  grams  of  butter)  to  Kjeldahl  flasks  and  determine  total  nitrogen. 

'* Amino  and  ammonia  nitrogen.^* — ^Transfer  a  200  cubic  centimeter  portion  of  the 
ferric  chlorid  filtiute  to  a  300  cubic  centimeter  volumetric  flask.  Add  1  gram  of 
sodium  chlorid  and  sufficient  12  per  cent  tannic  acid  solution  for  maximal  precipi- 
tation. Three  or  four  cubic  centimeters  were  usually  required.  Make  up  to  the  mark 
with  distilled  water,  filter,  and  determine  total  nitrogen  in  100  cubic  centimeter 
portions  of  the  filtrate,  each  of  which  corresponds  to  133|  grams  of  butter. 

*^ Ammonia  nitrogen.** — ^The  method  described  by  Van  Slyke  and  Hart '  was  used. 

Transfer  100  cubic  centimeters  of  the  ferric-chlorid  filtrate  (corresponding  to  200 
grams  of  butter)  to  a  Kjeldahl  flask,  add  2  grams  of  magnesiimi  oxid,  and  boil  for  about 
1)  hours,  catching  the  distiUate  in  N/20  acid.  The  excess  of  acid  was  titrated  in  the 
usual  way. 

I  Siegfried,  If.  Zur  Kenntniss  der  Fhosphorfleischs&ure.  Zeitschrift  fOr  Physiologische  Chemie,  vol.  21 , 
no.  5/6,  pp.  3(10-379.    Strassburg,  Apr.  2, 1806. 

Siegfried,  M.  Ueber  Antipepton.  Zeitschrift  fQr  Physiologische  Chemie,  vol.  27,  no.  4/5,  pp.  335^47. 
Stressbiug,  June  24, 1889.    See  p.  342. 

<  Van  Blyke,  L.  L.,  and  Hart,  E.  B.  Methods  for  the  estimation  of  the  proteolytic  compounds  con- 
tained in  oheese  and  milk.  New  York  Agricultural  Experiment  Station,  Bulletin  216^  Geneva,  September, 
1902.    • 
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Amino  nitrogen  is  the  difference  between  the  sum  of  the  amino  and  ammonia 
nitrogen  and  the  ammonia  nitrogen. 

Ploteoee  and  peptone  nitrogen  is  the  difference  between  the  total  soluble  nitrogen 
and  the  sum  of  the  amino  and  ammonia  nitrogen. 

This  method  of  studying  the  distribution  of  nitrogen  in  butter  was 
used  by  Gray  from  1906  to  1907  on  a  very  large  number  of  samples 
of  butter  churned  from  ripened,  unripened,  pasteurized,  and  unpas- 
teurized cream  and  stored  at  various  temperatures.  The  plan  of  the 
investigation  was  very  comprehensive.  It  aimed  to  ascertain  the 
best  conditions  for  the  production  of  butter  of  best  keeping  quality 
and  the  chemical  changes  causing  the  off  flavors  of  storage  butter. 
This  method  was  also  used  by  us  on  one  series  of  24  samples  in  the 
spring  of  1908. 

Gray's  method  of  removing  most  of  the  fat  from  the  butter  by  the 
use  of  the  centrifuge  was  an  improvement,  without  doubt.  But  for 
reasons  to  be  made  apparent  presently  the  analytic  data  obtained 
by  this  method  were  not  r^arded  as  conclusive.  More  accurate 
data,  it  is  believed,  were  later  obtained  by  a  method  that  is  free  from 
some  of  the  objections  that  might  be  made  to  the  method  as  originally 
devised  by  Gray. 

In  Table  1  are  some  results  obtained  by  Gray.  The  butter  was 
obtained  from  one  lot  of  cream  which  was  divided  into  eight  portions 
from  which  eight  separate  chumings  were  made.  The  eight  lots  of 
butter  were  packed  in  20-pound  tubs  and  stored  soon  after  churning, 
at  —10®  F.  (—23°  C).  Analyses  were  made  on  the  fresh  butter, 
representing  the  condition  of  the  nitrogen  in  the  butter  before  storage. 
The  two  following  series  of  analyses  were  made  on  the  butter  after 
different  periods  in  storage.  Two  similar  series  of  resijdts  were 
obtained  by  Gray  on  portions  of  the  same  lots  of  butter,  stored  at 
lO""  F.  ( - 12®  C.)  and  at  32®  F.  (0®  C).  The  figures  are  not  given 
here,  but  are  in  general  similar  to  those  in  Table  1. 

From  the  results  obtained  by  Gray  it  would  seem  that  in  the 
samples  of  butter  examined  slow  proteolytic  changes  took  place  during 
storage.  At  least  this  is  the  inference  to  be  drawn  on  the  assump- 
tion that  the  method  of  obtaining  the  chemical  data  was  free  from 
avoidable  errors. 
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Tabi)e  1. — Changes  in  the  dtstrUmtUm  of  nitrogen  in  butter  during  cold  storage 

(-10*  F.,  -23*>C.). 
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Batter 
No. 

Age  of 
sample. 

Total 
nitrogeo. 

Total 

soluble 

nitrogeiL. 

Proteose 

and 
peptone 
nltzogon. 

Amino 
nitrogen. 

Aiumonia 
nitrogan. 

1 

10.311 

10.312 

10.313 

10.314 

10.321 

10.322 

10.323 

10.324 

Days. 

0 
206 
298 

0 
206 
298 

0 
206 
298 

0 
206 
296 

0 
206 
20S 

0 
206 
298 

0 
206 
298 

0 
206 
298 

Percent. 
0.136 

Percent. 
0.0039 
.0070 
.0083 
.0041 
.0065 
.0074 
.0053 
.0067 
.0071 
.0046 
.0061 
.0090 
.0020 
.0037 
.0073 
.0030 
.0053 
.0035 
.0037 
.0047 
.0061 
.0066 
.0081 
.0087 

Percent. 
0.0013 
.0032 
.0048 
.0026 
.0035 
.0026 
.0008 
.0032 
.0041 
.0005 
.0023 
.0046 

Percent, 
0.0019 
.0028 
.0090 
.0006 
.0021 
.0039 
.0037 
.0022 
.0017 
.0028 
.0025 
.0031 
.0018 
.0016 
.0014 
.0030 
.0036 
.0022 
.0029 
.0050 
.0030 
.0049 
.0048 
.0010 

Percent.   \ 
0.00074    1 
.00096 
.00105 
.00091 
.00095 
.00095 
.00130 
.00134 
.00131 
.00115 
.00132 
.00128 
.00058 
.00066 
.00070 
.00053 
.00061 
.00062 
.00049 
.00060 
.00062 
.00087 
.00088 
.00066 

.139 

.139 

.143 

.140 

.0014 
.0052 

.138 

.0021 
.0007 
.0003 

.139 

.0034 
.0007 
.0024 
.0008 

.141 

The  method  of  Gray  in  a  slightly  modified  form  was  used  in  the 
summer  of  1908  and  the  spring  of  1909.  The  results  obtained  were, 
in  general,  similar  to  those  obtained  by  Qray.  They  seemed  to 
indicate  that  slow  proteolysis  was  taking  place. 

After  using  the  method  for  a  short  time  several  improvements 
suggested  themselves.  It  will  be  noticed  in  Table  1  that  the  largest 
amount  of  nitrogen  estimated  in  a  ferric-chlorid  filtrate  (column 
headed  ''total  soluble  nitrogen '0  was  equivalent  to  0.009  per 
cent  of  nitrogen  in  the  butter,  or  to  6.3  cubic  centimeters  N/10 
nitrogen .  This  is  not  a  laige  amount.  The  laigest  difference  between 
total  soluble  nitrogen  before  and  after  storage  in  Table  1  is  that  for 
sample  10.321,  and  is  equivalent  to  not  quite  4  cubic  centimeters 
N/10  nitrc^en.  It  seemed  desirable  so  to  change  the  method  as  to 
increase  the  amounts  of  nitrogen  actually  estimated.  Whether 
proteolysis  did  or  did  not  take  place  would  then  be  decided  with 
the  aid  of  figures  that  are  not  so  small  that  the  unavoidable  errors 
in  such  work  are  comparatively  large.  Filtration  was  so  slow  that 
evaporation  undoubtedly  took  place  to  an  unnecessarily  large  extent. 
The  analyst  could  not  be  certain  that  100  cubic  centimeters  of 
a  ferric-chlorid  filtrate  obtained  after  storage  corresponded  to  ex- 
actly the  same  weight  of  butter  as  an  equal  volume  of  filtrate 
obtained  before  storage.  Either  filtration  must  be  so*  rapid  that 
evaporation  may  be  disregarded  because  of  its  slight  extent,  or  if 
filtration  must  be  slow  the  volumes  of  filtrates  should  be  care- 
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fully  measured,  so  that  the  weight  of  butter  corresponding  to  any 
volume  of  filtrate  can  be  definitely  ascertained. 

ObjecHons  to  ferric  Morid  and  tannic  add  a^  protein  precipUants. — 
Ferric  chlorid  as  a  protein  precipitant  was  not  wholly  desirable 
because,  as  here  used,  it  precipitated  not  alone  the  casein  and  other 
undigested  proteins,  but  their  immediate  digestion  products  down 
to  the  peptone  stage.  The  "ferric-chlorid  filtrate"  probably  does 
not  contaiQ  proteoses.  The  use  of  the  term  'Hotal  soluble  nitrogen" 
in  this  connection  will  lead  to  no  confusion  if  it  be  borne  in  mind  that 
it  means  nitrogen  not  precipitated  by  ferric  chlorid.  The  figures 
for  "proteose  and  peptone  nitr(^en"  in  Table  1  probably  represent 
only  some  of  the  simpler  peptones.  The  amount  of  nitrogen  left  in 
the  f erric-chlorid  filtrate  is  small,  at  least,  when  used  for  the  separation 
of  the  different  forms  of  nitrogen  in  butter-curd  solution. 

Tannic  acid  as  a  protein  precipitant  is  perhaps  still  more  objection- 
able than  ferric  chlorid.  It  is  well  known  that  the  precipitation 
limits  of  tannic  acid  may  be  varied  by  the  presence  of  salts,  etc. 
Two  results  obtained  with  the  aid  of  tannic  acids  are  comparable 
only  when  the  precipitant  has  been  used  in  both  cases  under  condi- 
tions that  are  exactly  alike  as  r^ards  the  concentration  of  sodium 
chlorid,  the  amount  of  protein  to  be  precipitated,  the  precipitating 
power  of  the  samples  of  tannic  acid  used,  etc.^  The  greatest  care 
must  be  taken  in  the  use  of  the  reagent  to  insure  absolute  uniformity 
in  procedure.  This  is  shown  by  the  voluminous  literature  on  the 
use  of  this  reagent,  in  which  the  numerous  difficulties  and  necessary 
modifications  are  pointed  out. 

In  addition  to  the  difficulties  just  mentioned  are  those  resulting 
from  differences  of  opinion  among  investigators  as  to  the  best 
method  of  using  the  reagent.  Van  Slyke  and  Hart,*  in  their  deter- 
minations of  peptones  in  cheese  are  extremely  careful  to  avoid  an 
excess  of  tannic  acid,  probably  because  of  the  alleged  solubihty  of 
the  precipitate  in  excess  of  the  precipitant. 

According  to  Bigelow  and  Cook ' — 

*  *  *  a  considerable  excess  of  tannin  may  be  employed  without  any  tendency  of 
the  reagent  to  dissolve  the  precipitate  formed  in  excess.    *    *    * 

Gray  used  tannic  acid  as  directed  by  Van  Slyke  and  Hart. 

It  is  not  surprising  that  certain  workers  should  advocate  the  dis- 
continuance of  the  use  of  tannic  acid  as  a  reagent  for  the  determina- 
tion of  amiQO  acid  nitrogen.* 

1  Blgdow,  W.  D.,  and  Cook,  F.  C.    The  separation  of  proteoses  and  peptones  from  the  simpler  amino 
bodies.    Journal  of  the  American  Chemical  Society,  vol.  28,  no.  10,  pp.  1485-1499.    Easton,  October,  1906. 
« Loc.  dt. 

*  Loc.  cit.,  p.  1483. 

*  Proceedings  of  the  Twenty-sixth  annual  convention  of  the  Association  of  Official  Agricultural  Chemists, 
United  States  Department  of  Agricnltur«,  Bureau  of  Chemistry,  Bulletin  132.  Washington,  1910.  See 
p.  156. 
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The  results  obtained  by  Gray  for  amino  nitrogen  in  Table  1  are  not 
concordant,  probably  due  to  difficulties  inherent  in  the  use  of  tannic 
acid.  Our  own  residts  are  likewise  difficult  to  interpret.  In  a  certain 
series  of  analyses  (butter  No.  13.5)  less  amino  nitrogen  was  foun^^I  in 
the  butter  after  storage  than  before.  The  figures  are  not  given  here, 
as  they  are  essentially  similar  to  those  of  Gray. 

After  obtaining  a  considerable  number  of  results  on  the  distribution 
of  nitrogen  in  butter  before  and  after  storage,  with  the  aid  of  ferric 
chlorid  and  tannic  acid,  we  were  unable  to  conclude  that  the  results 
proved  anything.  It  seemed  more  and  more  desirable  to  perfect  a 
method  that  would  permit  the  precipitation  of  the  casein,  then  the 
estimation  of  proteoses  by  zinc  sulfate,  peptones  by  tannic  acid,  and 
ammonia  by  any  of  the  methods  that  did  not  give  too  high  results. 

In  order  to  obtain  a  filtrate  containing  sufficient  nitrogen  for 
analytic  work,  the  curd  solution  can  not  be  diluted  very  much.  In 
the  undiluted  condition  it  is  a  thick,  viscous  suspension  of  casein 
containing  a  variable  amount  of  fat  to  which  acetic  acid  may  be  added 
without  any  apparent  effect.  No  flocculation  can  be  observed.  The 
mixture  would  filter  extremely  slowly.  We  made  many  attempts  to 
find  out  why  filtration  was  so  slow.  At  first  it  was  thought  that  fat 
particles  clogged  the  filter  paper.  The  first  attempts  were  centered 
on  the  more  thorough  separation  of  the  butter  fat  from  the  remainder 
of  the  butter,  which  in  this  paper  is  referred  to  as  butter  curd  solution. 
It  is  obvious  that  unless  the  same  amount  of  fat  is  removed  in  com- 
parative analyses  of  butter  before  and  after  storage,  an  error  will 
be  introduced  because  the  fat  remains  in  the  precipitate,  giving  a 
smaller  volume  of  more  concentrated  filtrate.  The  error  from  this 
source  is  probably  much  larger  than  anyone  might  suppose.  The 
amount  of  fat  present  in  the  butter  curd  solution  used  for  analytical 
purposes  should  be  estimated  so  that  corrections  can  be  made  if 
necessary. 

The  butter  fat  may  be  separated  from  the  remainder  of  the  butter 
in  more  than  one  way.  But  obviously,  when  the  curd  solution  and 
not  the  fat  is  wanted  for  quantitative  work,  the  separation  must  con- 
sist of  something  more  than  a  mere  decantation  of  the  melted  fat. 
The  butter  fat  and  curd  are  so  thoroughly  mixed  in  the  butter  that 
when  the  butter  is  melted  and  allowed  to  stand,  the  separation  between 
fat  and  curd  solution  is  not  complete.  Most  of  the  fat  can  be  decanted, 
but  very  appreciable  amounts  still  remain  in  the  curd.  Although 
Gray  attempted  to  wash  out  the  fat  with  the  aid  of  gasoline,  it  is  cer- 
tain that  very  much  fat  was  stiU  present  in  the  material  used  for 
analysis.  We  tried  to  remove  the  fat  with  ether,  but  without  success. 
The  fat  particles  are  embedded  in  curd  and  in  this  condition  ether 
can  not  reach  them.  Besides,  the  ether  could  only  be  poured  on  top 
of  the  curd  solution.     Thorough  mixing  was  inadvisable  because  of 
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the  possibility  of  forming  emulsions  that  could  not  be  separated.  The 
use  of  ether  was  soon  discontinued  because  of  the  possible  dehydrating 
action  of  the  ether  upon  the  protein  material  and  the  subsequent 
obscuring  of  the  results  for  nitrogen.  The  complete  separation  of  fat 
from  curd  solution  was  then  abandoned  with  the  intention  of  esti- 
mating the  amounts  of  fat  present  in  portions  used  for  analysis.  In 
their  work  on  storage  butter,  Rahn,  Brown,  and  Smith  *  did  not  record 
a  quantitative  separation  of  butter  fat  from  curd  solution.  Instead, 
they  proceeded  as  follows: 

Into  a  weighed  2-quart  [fruit]  jar  about  500  gmms  of  butter  were  poured  and  weighed 
to  the  0.5  of  a  gram.  Then  2  grams  of  hot  water  (70®  C.  to  75®  C.)  for  every  gram  of 
butter  was  poured  into  the  jar  and  the  water  and  butter  stirred  occasionally  for  about 
an  hour.  The  cover  to  which  an  anangement  for  letting  in  air  and  drawing  off  water 
had  been  attached  was  put  on  and  the  jar  inverted.  After  15  or  20  minutes  the 
water  which  had  been  separated  from  the  fat  was  drawn  off.  Aliquot  parts  were 
taken  for  analysis. 

One  objection  to  such  a  procedure  lies  in  the  fact  that  the  water  so 
separated  from  the  fat  contains  too  little  nitrogen.  The  analytic  data 
of  Rahn,  Brown,  and  Smith  on  nitrogen  partition  in  butter  are  open 
to  the  same  criticism  as  are  Gray^s  data  in  Table  1.  Their  results 
differ  little  from  those  of  Gray.  Their  work  did  not  assist  in  explain- 
ing why  acetic  acid  will  flocculate  casein  in  milk,  but  not  in  butter 
curd  solution.  This  problem  had  been  evaded  by  practically  all 
who  studied  butter  chemistry. 

In  a  recent  investigation  on  the  influence  of  preservatives  on  the 
keeping  qualities  and  composition  of  butter  and  oleomargarin, 
Fischer  and  Gruenert  ^  used  the  methods  of  Rahn,  Brown,  and  Smith 
in  their  studies  on  proteolytic  changes.  They  state  that  the  addition 
of  3  per  cent  of  salt  to  butter  greatly  retards,  but  does  not  entirely 
prevent,  proteolytic  and  other  changes  in  butter  stored  in  a  cool  cellar. 

NEW   METHOD   FOR   DETECTING   PROTEOLYSIS   IN   BUTTER. 

The  injluence  of  sodium  chlorid  on  the  precipitaMlity  of  casein  by 
acetic  add. — Butter  curd  solution  differs  from  milk  in  many  respects; 
one  of  them  is  that  butter  curd  solution  may  contain  sodium  chlorid 
in  amounts  ranging  from  nothing  up  to  saturation  (over  30  per  cent), 
depending  upon  the  moisture  and  salt  content  of  the  butter.  Per- 
haps the  presence  of  the  salt  prevented  flocculation  of  casein. 

During  a  previous  investigation  on  the  temperature  of  pasteuriza- 
tion for  butter  making '  the  following  method  of  precipitating  casein 

>  Loc.  dt.,  p.  14. 

*  Fischer,  K.,  and  Oruenert,  O.  th)er  den  einfluss  einiger  KoDservienmgsmittel  auf  Haltbarkeit  und 
Ziisammensettung  von  Butter  und  Margarine.  Zeitschrift  fOr  Untersuchung  der  Natarun^i-  und  Genuss- 
mittel,  vol.  22,  no.  10,  pp.  553-582,  Berlin,  Nov.  15, 1911. 

*  Rogers,  L.  A.,  Berg,  W.  N.,and  Davis,  Brooke  J.  The  temperature  of  pasteuilEation  for  bnttermaldng. 
United  States  Department  of  Agriculture,  Bureau  of  Animal  Industry,  Circular  180,  Washington,  1012. 
See  p.  317. 
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from  buttermilk,  milk,  or  skim  milk  was  used.  The  object  was  to 
obtain  a  filtrate  that  was  as  concentrated  in  nitrogen  as  possible,  and 
from  which  the  casein  had  been  quantitatively  separated: 

Transfer  200  cubic  centimeters  of  buttermilk  to  a  500  cubic  centimeter  volumetric 
flask.  Add  distilled  water  to  about  450  cubic  centimeters.  Add  one-fifth  normal 
acetic  acid  (1.2  per  cent)  slowly  until  the  casein  separates  completely  in  large  flocculi 
leaving  the  supernatant  liquid  practically  water-clear.  In  practically  every  case 
44  cubic  centimeters  of  N/5  acetic  acid  was  used  and  foimd  sufficient  for  the  purpose. 
After  diluting  to  the  mark  and  filtering,  nitrogen  determinatione  were  made  on  the 
filtrate. 

« 

The  questions  to  be  studied  now  were:  Woidd  the  presence  of  salt 
in  milk  prevent  the  flocculation  of  the  casein  and  the  subsequent 
attempt  at  filtration  ? 

In  a  sample  of  skim  milk  from  which  the  casein  can  be  easily  floc- 
culated and  filtered  would  the  presence  of  added  fat  interfere  with 
filtration  ? 

Results  were  almost  immediately  obtained  which  threw  a  great 
deal  of  light  on  the  difficulty.    The  following  experiment  is  typical: 

Two  hundred  cubic  centimeters  of  buttermilk  obtained  from  a  churning  of  pas- 
teurized cream  were  transferred  to  a  500  cubic  centimeter  volumetric  fiask.  Water 
was  added  to  about  400  cubic  centimeters.  On  slowly  adding  85  cubic  centimeters 
N/10  acetic  acid  (0.6  per  cent)  the  casein  was  completely  flocculated.  To  a  second 
500  cubic  centimeter  volumetric  flask  200  cubic  centimeters  of  the  same  sample  of 
buttermilk  was  transferred.  Thirty-six  grams  of  sodium  chlorid  were  added.  This 
concentration  of  approximately  18  per  cent  is  the  concentration  of  salt  in  butter  curd 
solution  when  the  butter  contains  16  pes  cent  moisture  and  3  per  cent  salt.  Water 
was  added,  as  before,  to  about  400  cubic  centimeters.  The  addition  of  85  cubic  centi- 
meters N/10  acetic  acid  as  before  did  not  flocculate  the  casein. 

This  experiment  showed  that  the  presence  of  salt  very  materially 
affected  the  precipitability  of  the  casein.  This  was  clearly  a  case 
where  the  physical  condition  of  a  colloid  was  so  altered  by  the  pres- 
ence of  large  amoxmts  of  electrolytes  that  it  did  not  react  toward  a 
precipitant  as  it  usually  does.  The  acetic  acid  added  certainly  was 
not  in  excess.  The  slow  addition  of  the  acid  without  at  any  time 
resulting  in  even  a  partial  precipitation  of  casein  indicated  that  more 
acid  was  required.  After  adding  40  cubic  centimeters  more  of  N/10 
acetic  acid,  without  any  signs  of  flocculation,  10  per  cent  acetic  acid 
(5/3  normal)  was  carefully  added  instead  of  the  weaker  N/10  acid. 
Ait&r  adding  11  cubic  centimeters  of  10  per  cent  acetic  acid,  the 
casein  waa  completely  flocculated,  and  the  mixture  could  be  filtered 
rapidly,  yielding  a  perfectly  clear  filtrate. 

In  tiie  presence  of  salt  300  cubic  centimeters  N/10  acetic  acid  were 
required  for  the  precipitation  of  casein,  which  in  the  absence  of  salt 
would  have  been  precipitated  by  85  cubic  centimeters  of  N/10  acetic 
add.  It  is  probable  that  observations  of  a  somewhat  similar  nature 
were  simultaneously  made  by  other  investigators,  as  is  evident  from 

eeTll**— Bull.  162—13 3 
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the  following  quotation  from  a  paper  by  Schryvep  ^  which  appeared  a 
few  months  after  the  above-described  experiment  was  made: 

During  the  course  of  some  investigations  on  the  action  of  formaldehyde  on  the  pro- 
teins, the  obeervation  was  made  that  this  aldehyde,  when  added  to  an  aqueous  solution 
of  Witte's  peptone,  produces  a  precipitate,  and  that  the  reaction  could  be  either 
partially  or  completely  inhibited  by  the  presence  of  neutral  salts.  This  phenomenon 
was  also  noticed  some  years  ago  by  T.  SoUman  (American  Journal  of  Physiology,  1902, 
vol.  7,  p.  220).    ♦    *    ♦ 

Besides  being  extremely  interesting  theoretically,  the  observation 
just  made  on  the  effect  of  salt  on  the  precipitation  of  casein  was  of 
interest  practically  because  of  its  possible  application  to  the  separa- 
tion of  casein  from  butter  ciu*d  solution.  The  theoretical  side  of  the 
phenomenon  is  discussed  by  Schryver  in  the  above-mentioned  paper. 

Method  for  the  estirruUwn  of  vxUer-soluble  nitrogen  in  hvUer. — ^Af ter 
numerous  experiments  the  following  procedure  was  adopted  for  the 
separation  of  the  fat  from  the  butter  curd  solution  to  be  used  for 
nitrogen  determinations.  As  the  method  was  new,  many  precautions 
were  taken,  some  of  which  were  later  found  to  be  unnecessary.  This 
method  of  separating  fat  and  casein  from  butter  yields  a  filtrate  that  is 
well  adapted,  not  alone  to  a  study  of  the  nitrogenous  constituents  of  the 
filtrate,  but  to  many  other  purposes  as  well.  The  filtrate,  for  example, 
contains  the  peroxidase  which  is  practically  always  present  in  butter. 

To  two  or  throe  large  beakers,  capacity  2  to  2^  liters,  transfer  5  to  6 
kilograms  of  the  sample  of  butter  to  be  studied.  Two  samples  (one 
from  raw,  one  from  pasteurised  cream,  for  example)  may  be  worked 
with  at  one  time.  The  larger  the  amount  of  butter  taken  the  better. 
Place  the  beakers,  properly  marked,  in  a  hot-air  bath  maintained  at 
about  45°  C.  If  the  butter  to  be  stored  is  packed  in  cans,  five  or  six 
2-pound  cans  are  placed  in  the  hot-air  bath  to  be  melted.  In  the 
work  here  described  the  cans  were  taken  out  of  the  ice  box  late  in  the 
afternoon,  allowed  to  warm  up  during  the  night  at  room  temperature, 
and  placed  the  next  morning  in  the  air  bath,  the  temperature  of 
which  varied  usually  2°  aTwve  and  below  45®  C.  The  temperature 
should  not  be  permitted  to  rise  much  beyond  45**  C,  because  of  the 
danger  of  coagulating  some  of  the  protein  present.  The  high  tem- 
perature at  which  Gray  and  Rahn,  Brown  and  Smith  (see  pp.  11, 16) 
melted  their  samples  of  butter  undoubtedly  removed,  by  coagula- 
tion, comparatively  large  amounts  of  nitrogen  from  their  filtrates'. 

At  this  temperature  from  six  to  eight  hours  will  be  required  for  the 
complete  melting  of  the  butter  and  the  settling  of  the  curd  solution. 
Stirring  does  little  good.  As  fast  as  the  butter  fat  forms  a  clear 
layer  on  top  of  the  butter  it  may  be  poured  off,  care  being  taken  that 
none  of  the  curd  solutionis  lost  at  anytime.  The  loss  of  a  few  small 
particles  of  soUd  protein  is  not  material.    This  long  heating  at  a  tem- 

1  Sofaryver,  8.  B.    Some  InvestigatiOQs  dealing  with  tbfi  state  of  aggregatloiL  of  matter.   Pzooeedlngs  of 
tbe  Boyal  Society,  I^osdon,  series  B,  vol.  83,  no.  B562,  pp.  96-133.    London,  Dec.  10, 1010.    See  p.  06. 
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perature  that  is  perhaps  best  for  proteolytic  action  is  an  objection  to 
the  method.  It  will  be  apparent,  however,  that  the  error  introduced 
in  this  way  is  inappreciable.     (See  p.  20.) 

The  melted  butter  fat  is  decanted  until  no  more  can  be  so  removed 
without  danger  of  losing  some  of  the  curd  solution.  With  the  aid  of  a 
100  cubic  centimeter  pipette  having  its  lower  tip  cut  off  to  permit 
more  rapid  flow  of  viscous  materials,  remove  the  curd  solution  from 
the  bottom  of  the  beaker  or  can  and  transfer  it  to  a  dry,  clean,  500 
cubic  centimeter  volumetric  flask.  Considerable  fat  will,  of  course 
be  mixed  with  the  curd  solution,  but  by  taking  only  part  from  the 
bottom  of  each  vessel  sufficient  curd  solution  will  be  obtained  from 
5  kilograms  of  butter  to  fill  two  500  cubic  centimeter  flasks.  Let 
stand  till  the  next  morning  at  room  temperature.  With  the  aid  of  a 
rapid-flow  100  cubic  centimeter  pipette,  remove  from  the  bottom  of 
each  of  these  flasks  between  200  and  250  cubic  centimeters  of  curd 
solution  and  transfer  this  to  a  clean,  dry,  500  cubic  centimeter  volu- 
metric flask.  From  the  original  5  kilograms  of  butter  there  have  now 
been  separated  not  quite  500  cubic  centimeters  of  curd  solution  con- 
taining approximately  10  per  cent  of  fat.  The  rest  of  the  curd  solu- 
tion containing  much  larger  proportions  of  fat  may  be  rejected. 

In  a  separate  portion  of  the  original  sample  of  butter,  determine 
moisture,  curd,  and  salt.  For  this  purpose  the  methods  described  in 
Bulletin  107  (revised  edition).  Bureau  of  Chemistry,  page  123,  were 
used.  From  these  figures  the  weight  of  butter  corresponding  to  a 
given  volume  of  curd  solution  may  be  calculated  if  desired,  but  for 
the  present  work  such  calculation  was  not  necessary. 

The  curd  solution  should  be  well  mixed,  and  then  with  the  aid  of  a 
rapid-flow  pipette  a  portion  is  transferred  to  a  pycnometer  (50  cubic 
centimeters  capacity)  and  the  weight  ascertained.  The  object  of  this 
detennination  is  to  make  certain  that  the  curd  solution  used  for 
analysis  before  and  after  storage  of  butter  is  practically  the  same  so 
far  as  the  density  of  the  material  is  concerned.  It  is  obvious  that  if 
the  proportion  of  fat  and  salt  solution  differs  very  much  in  two  sam- 
ples of  curd  solution  obtained  from  the  same  lot  of  butter  before  and 
after  storage  the  specific  gravity  will  be  different.  This  determina- 
tion, when  repeated  on  the  same  portion  of  curd  solution,  will  show 
that  it  is  possible  to  withdraw  samples  of  uniform  composition  from 
the  flask  if  care  be  taken  to  mix  the  contents  well  and  to  withdraw 
the  sample  rapidly  before  the  fat  rises  to  any  appreciable  extent. 

Portions  of  this  curd  solution  may  now  be  withdrawn  for  nitrogen 
determinations.  To  several  clean,  diy,  500  cubic  centimeter  volu- 
metric flasks  transfer  100  cubic  centimeter  portions  of  curd  solution, 
using  a  rapid-flow  pipette  and  sampling  quickly.  This  is  the  amount 
found  most  convenient  when  acetic  acid  is  to  be  used  as  a  precipitant. 
When  other  precipitants,  such  as  ferric  chlorid,  are  to  be  used,  a  larger 
volume  may  be  taJcen. 
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In  our  work  we  generally  made  three  and  sometimes  four  deter* 
minations  on  a  single  sample  of  butter,  although  two  are  perhaps 
sufficient.  Each  100  cubic  centimeter  portion  was  used  for  one 
determination,  so  that  as  many  such  portions  are  to  be  pipetted  into 
600  cubic  centimeter  flasks  as  determinations  are  wanted.  (See 
Table  2.)  In  the  remainder  of  the  curd  solution  we  determined  fat 
by  removing  10  cubic  centimeter  portions,  transferring  to  absorbent 
paper,  drying  at  the  temperature  of  boiling  water,  and  extracting  the 
fat  in  a  Soxhlet  apparatus,  as  usual.  These  figures  for  fat  are  for 
the  purpose  of  control  only,  and  indicate  how  much  of  the  volume 
of  the  portion  of  curd  solution  is  taken  up  by  fat. 

The  undiluted  curd  solution  may  be  allowed  to  remain  in  the 
stoppered  flasks  for  24  or  48  hours  at  room  temperature  without  any 
apparent  change  in  the  results.  In  several  cases  even  a  week's 
standing  was  without  effect.  The  concentration  of  salt  is  usually 
high  enough  to  make  the  addition  of  other  preservatives  unnecessary. 
Under  these  conditions  the  proteolytic.enzym  present,  galactase,  is 
not  very  active;  at  least,  on  standing  several  days  practically  the 
same  results  are  obtained  as  on  freshly  prepared  curd  solution. 

The  curd  solution  is  diluted  to  about  450  cubic  centimeters  with 
distilled  water,  mixed  well  and  then  10  per  cent  acetic  acid  is  added 
slowly,  with  constant  mixing  of  the  contents  of  the  flask.  It  is 
obvious  that  sufficient  acetic  acid  must  be  added  to  completely  pre- 
cipitate the  casein  in  the  flocculent  condition.  This  will  occur 
generally  when  18  to  22  cubic  centimeters  have  been  added.  The 
curd  solutions  from  pasteurized  cream  butter  generally  require  the 
larger  amount  for  flocculation.  In  Table  2  the  amounts  of  acetic 
acid  used  are  indicated.  It  seems  that  the  more  fat  present  the  more 
slowly  does  the  casein  flocculate.  On  standing  about  15  minutes  the 
casein  will  be  seen  to  have  flocculated.  The  amount  of  acetic  acid 
added  should  be  recorded  so  that  that  same  amount  can  be  used  after 
storage.  In  fact,  all  data  should  be  recorded  that  might  be  necessary 
for  the  purpose  of  duplicating  the  determination  exactly  after  storage. 
Dilute  with  distilled  water  to  the  mark  and  filter  on  a  32  centimeter 
folded  filter  (S.  &  S.  No.  588  or  595)  into  a  clean,  dry,  600  cubic 
centimeter  volumetric  flask.  The  curd  solutions  should  not  be 
allowed  to  stand  long  after  the  addition  of  water.  The  filter  stands, 
■clean  funnels,  and  flasks  were  in  readiness  before  the  addition  of  water 
end  acid  to  the  curd  solutions,  so  that  filtration  was  begun  within  a 
very  few  minutes.  The  entire  contents  of  the  flask  were  transferred 
to  the  filter  paper.  If  the  filtrate  at  first  was  cloudy,  it  was  returned 
to  the  filter  as  often  as  necessary.  Usually  the  first  portions  of 
filtrate,  about  50  cubic  centimeters  each,  were  returned  to  the  filter 
two  or  three  times.  In  no  case  was  a  filtrate  used  for  nitrogen  deter- 
minations that  was  so  cloudy  as  to  indicate  the  presence  of  unpre- 
cipitated  casein.    Usually  the  filtration  was  begun  in  the  afternoon 
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and  allowed  to  go  on  till  the  next  morning.  The  funnel  was  covered 
with  a  well-fitting  watch  glass  to  minimize  evaporation. 

On  several  occasions  the  precipitate  on  the  filter  paper  was  exam- 
ined at  the  end  of  the  filtration  for  peptonizing  bacteria.  Such  small 
numbers  were  found  that  their  effect  was  inappreciable.  It  is 
obvious  that  the  digestion  of  protein  on  the  filter  paper  by  bacteria 
or  their  enzymes  might  vitiate  the  results.  We  have  no  reason  to 
believe  that  in  any  of  the  results  appreciable  errors  were  introduced 
in  this  way. 

The  amount  of  acetic  acid  was  varied  a  little  when  precipitating  the 
casein  from  different  portions  of  the  same  curd  solution  in  order  to 
find  out  whether,  under  the  conditions  of  the  work,  small  variations 
in  the  amount  of  acetic  acid  would  give  lise  to  undesirably  large 
variations  in  the  results.  Of  course,  if  insufficient  acetic  acid  is 
added  all  of  the  casein  will  not  be  precipitated  and  the  mixture  will 
filter  so  very  slowly  that  that  alone  will  indicate  incomplete  pre- 
cipitation. The  more  completely  the  casein  is  precipitated  the  more 
rapid  is  the  filtration.  Slight  excesses  of  acetic  acid  apparently  have 
an  inappreciably  small  solvent  action  on  the  precipitate.  It  is  true 
that  in  precipitating  casein  from  diluted  milk  an  excess  of  even  very 
dilute  acetic  acid  is  undesirable.  In  the  presetice  of  the  sodium 
chlorid,  however,  conditions  are  so  altered  that  the  solvent  action  of 
the  acetic  acid  is  apparently  very  much  diminished.  In  case  of 
doubt,  more  rather  than  less  acetic  acid  was  used. 

The  clear,  slightly  opalescent  filtrate  may  be  tested  for  complete* 
ness  of  precipitation  by  the  addition  of  more  acid  or  of  alkali.  In  no 
case  did  the  addition  of  small  amounts  of  acid  or  of  alkali  (N/10)  to  the 
filtrate  result  in  the  precipitation  of  protein.  If  sufficient  ajkali  was 
added  to  make  the  filtrate  alkaline  to  phenolphthalein,  a  precipitate 
was  obtained  which  was  probably  calcium  phosphate  containing 
adsorbed  protein.  In  appearance  it  resembled  some  protein  pre- 
cipitates. The  appearance  of  such  a  precipitate  in  an  alkaline 
filtrate  may,  of  course,  be  disregarded.  Another  way  to  test  for 
completeness  of  precipitation  is  to  use  slightly  different  amounts  of 
the  precipitant.  The  results  tabulated  in  Table  2  show  that  the 
amounts  of  acetic  acid  used  were  sufficient  and  that  slight  variations 
in  the  strength  of  the  acid  made  no  difference  in  the  results.  For  the 
sake  of  certainty,  the  10  per  cent  acetic  acid  solutions  were  titrated 
against  standard  alkali  before  being  used  as  precipitants.  This  jg 
especially  desirable  where  the  first  determination  is-  made  in  one 
laboratory  and  the  second  after  cold  storage  in  another. 

In  a  few  mstances  ferric  chlorid  was  used  as  a  precipitant  for  the 
purpose  of  comparing  the  results  with  those  obtained  with  acetic  acid. 

Since  evaporation  can  not  be  altogether  prevented  during  the  long 
filtration,  it  is  necessary  to  be  certain  that  equal  volumes  of  filtrates 
obtained  from  the  same  lot  of  butter  before  and  after  storage  corre- 
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spond  to  exactly  equal  weights  of  butter,  or,  if  through  any  con- 
siderable difference  in  evaporation  the  two  filtrates  are  unequally 
concentrated,  the  difference  in  concentration  must  be  ascertainable. 

After  filtration  is  nearly  complete — ^that  is,  after  obtaining  a  little 
over  400  cubic  centimeters  of  filtrate — ^its  specific  gravity  is  determined . 
A  50  cubic  centimeter  pycnometer  was  used.  The  same  pycnometer 
filled  a  second  time  with  some  of  the  same  filtrate  will  differ  from  its 
first  weight  by  only  1  milligram.  A  little  calculation  will  show  that 
before  the  nitrogen  content  of  the  filtrate  can  be  appreciably  varied 
through  evaporation,  the  specific  gravity  will  be  varied  so  much  more 
that  its  detection  will  be  easy  and  require  no  fine  weighings  of  the 
pycnometer.  The  pycnometer  full  of  filtrate  was  always  quickly 
idried  and  weighed,  and  the  weight  recorded.  The  weight  of  a  known 
volume  of  the  clear  filtrate  is  the  best  of  the  control  figures,  and 
together  with  the  others  should  in  every  case  show  whether  or  not 
two  filtrates  of  supposedly  equal  concentration  really  were  so.  The 
container  in  which  the  butter  is  stored  might  leak.  There  would 
result,  not  alone  a  loss  in  moisture,  but  in  salt  and  nitrogen  as  weU. 
Or  if  the  container  did  not  altogether  prevent  evaporation  of  water 
and  a  subsequent  concentration  of  salt  and  nitrogen  resulted,  the 
pycnometer  weighings  will  probably  indicate  the  source  of  variation. 
When  100  cubic  centimeters  of  curd  solution  were  used,  the  filtrate 
contains  so  much  sodium  chlorid  that  considerable  variation  in 
specific  gravity  is  possible.  The  amount  of  curd  solution  used  corre- 
sponded to  nearly  700  grams  of  butter. 

After  weighing  the  pycnometer  full  of  the  clear  filtrate,  400  cubic 
centimeters  of  it  were  transferred  to  a  Kjeldahl  flask  and  total 
nitrogen,  was  determined  in  the  usual  way.  The  remainder  of  the 
filtrate  was  measured  and  the  total  volume  of  filtrate  obtained  was 
recorded.  If  filtration  was  very  slow,  sometimes  less  than  400  cubic 
centimeters  were  used.  The  results  were  calculated  to  400  cubic 
centimeters.  The  weight  of  the  precipitate  and  inclosed  filtrate  was 
ascertained  to  the  nearest  gram  on  a  torsion  balance,  and  recorded. 
The  400  cubic  centimeters  of  filtrate  actually  kjeldahled  and  titrated 
corresponded  to  560  grams  of  butter.  Rahn,  Brown,  and  Smith* 
determined  nitrogen  in  butter  not  precipitated  by  acetic  acid.  They 
washed  butter  with  water  in  the  proportion  of  1  gram  of  butter  to 
2  cubic  centimeters  wash  water,  transferred  100  cubic  centimeters 
of  these  washings  to  a  flask,  added  acetic  acid,  filtered  off  the  pre- 
cipitated protein,  and  determined  total  nitrogen  in  25  cubic  centimeters 
of  filtrate,  which  corresponded  to  not  quite  12^  grams  of  butter. 
Apparently  they  obtained  very  few  results  with  acetic  acid  and  did 
not  use  them  in  drawing  their  conclusions.  It  was  pointed  out 
before  (see  p.  10)  that  when  butter  curd  solution  is  diluted  with 
sufficient  water  it  may  be  treated  with  acetic  acid  as  if  it  were  so 

1  Loc.  cit.,  pp.  14-15. 
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much  diluted  milk  and  the  casein  will  be  flocculated,  permitting  veiy 
satisfactory  filtration.  The  filtrate,  however,  contains  an  unde- 
sirably small  amount  of  nitrogen. 

Ilie  figure  for  total  nitrogen  in  the  filtrate  taken  for  analysis  was 
multiplied  by  5/4,  and  the  result  recorded  as  the  number  of  cubic 
centimeters  of  N/5  nitrogen  in  100  cubic  centimeters  butter  curd  solu- 
tion. (See  Table  2.)  IVom  the  data  it  is  obvious  that  the  unavoid- 
able errors  of  ordinary  nitrogen  determinations  are  very  small  when 
compared  with  the  amount  of  nitrogen  determined. 

A  separation  of  the  various  forms  of  nitrogen  in  the  filtrate  from 
the  casein  precipitation  could  easily  have  been  made.  But  it  was 
considered  desirable  first  to  find  out  whether  this  filtrate  contained 
any  more  nitrogen  after  storage  than  before.  If  it  did,  indicating 
that  proteolysis  was  taking  place,  then  a  more  detailed  examination 
of  the  filtrate  would  have  been  made.  But  the  filtrates  differed  veiy 
little  in  their  total  nitrogen  content  before  and  after  storage,  indicating 
that  proteolytic  changes  were  not  taking  place  to  any  great  extent, 
and  other  linea  of  work  were  begun. ' 

The  above-described  method  for  the  estimation  of  water-soluble 
nitrogen  in  butter  was  used  in  the  summer  of  1910  and  in  the  spring 
of  1911.     (See  Table  2.) 

Description  of  samples. — Samples  Nos.  42  and  40  were  churned  from 
the  same  lot  of  sweet  cream,  half  of  which  was  churned  unpasteurized 
(butter  No.  42)  and  half  of  which  was  churned  after  pasteurization 
(butter  No.  40) .  Samples  52  and  50,  and  samples  65  and  62  were 
likewise  obtained  from  chumings  of  two  lots  of  sweet  cream,  part  of 
which  was  pasteurized,  part  of  which  was  not,  before  churning. 
(See  Table  2.)  The  expectation  was  that  if  galactase  is  active 
in  butter  during  cold  storage,  the  figures  for  water-soluble  nitrogen 
in  samples  42,  52,  and  65  would  become  laiger,  for  in  these  sam- 
ples of  butter  from  unpasteurized  cream  the  conditions  for  pro- 
teolysis were  as  favorable  as  they  ordinarily  can  be.  No  great 
changes  were  expected  in  the  water^oluble  nitrogen  in  the  controls 
Nos.  40,  50,  and  62  because  at  the  temperature  of  pasteurization 
used,  75°  C.  (167®  F.)  in  a  "flash"  pasteurizer,  the  galactase  ordi- 
narily present  in  butter  is  strongly  inactivated  or  partly  destroyed. 

Samples  51 1  and  523  were  churned  from  the  same  lot  of  pasteurized 
cream.  Sample  No.  511  contained  a  proteolytic  enzym  preparation 
obtained  from  cultures  of  acid-forming  bacteria  which  also  liquefied 
gelatin.  Twelve  grams  of  dry  enzym  powder  were  worked  into 
about  30  pounds  of  butter  with  the  salt.  The  control  lot  of  butter 
No.  523  was  made  in  the  same  way,  except  that  a  similar  amount  of 
enzym  preparation  was  added  after  it  was  first  boiled  in  water. 
SiDoilarly,  sample  No.  466  was  churned  from  pasteurized  cream  and 
contained  an  added  proteolytic  enzym  preparation,  while  its  con- 
trol. No.  478,  contained  an  equal  amount  of  the  enzym  that  had 


24 


CHANGE  IN  FLAVOB  Ot  STOBAGE  BUTTEB. 


been  boiled  before  being  worked  into  the  butter.  The  object  of  study- 
ing these  samples  was  to  ascertain  whether  the  proteolytic  enzym 
secreted  by  bacteria  often  present  in  cream  can  digest  any  of  the 
butter  proteins,  under  storage  conditions. 

All  of  the  samples  in  Table  2  were  churned  in  the  experimental 
creamery  in  Albert  Lea,  Minn.,  in  the  summer  of  1910.  They 
were  stored  a  short  time  in  the  creamery  cooler  and  then  shipped 
to  cold  storage  at  10®  F.  (minus  12®  C.)  in  Chicago.  Naturally,  care 
was  taken  to  move  the  material  into  cold  storage  as  soon  after  churn- 
ing as  possible.  When  samples  were  shipped  from  Chicago  to  Wash- 
ington for  analysis,  they  were  removed  from  the  railroad  station  as 
sood  after  their  arrival  as  possible  and  placed  in  a  refrigerator  in  the 
laboratory  maintained  at  a  few  degrees  below  .0®  C. 

At  appropriate  times  samples  of  the  butter  were  sent  to  competent 
judges  for  scoring.  The  scores  are  indicated  in  their  appropriate 
places  in  Table  2. 

Table  2. — Analytic  data  and  scores — Water-soluble  nitrogen  *  in  sweet-cream  butter  before 

and  after  storage.    10"*  F.  {-It""  C). 


N/5  water-aolubk 

(  nitro- 

gen  in  100  c.  c. 

butter 

Butter 

scores. 

Volume 

Precipi- 

Butter 

curd  solution. 

of  butter 

tant, 

Treatment  of  cream. 

sample 
No 

Age  of 
sample. 

curd 
Bolution 

10  per 
cent 

*^  V* 

Before 

After 

Diffo^ 

Before 

After 

used  for 
analysis. 

acetic 
add. 

storage. 

storage. 

euoe. 

storage. 

storage. 

C.e, 

C.e. 

C.e. 

Dap8. 

C.e. 

C.e. 

32.8 

28.9 

-  3.9 

f         50 

7 

Unpasteurized 

42 

34.0 

28.7 

—  5.3 

265 

85 

85 

50 

7 

19.9 

14.0 

-  5.9 

■^^# 

^M/ 

100 

30.3 

31.9 

1.6 

100 

10 

52 

28.9 

30.3 

1.4 

251 

87 

85 

100 

14 

28.7 

29.0 

0.3 

• 

100 

16 

26.1 

21.2 

-  4.9 

100 

16 

65 

25.1 

21.2 

-  3.9 

250 

90 

100 

20 

26.0 

21.2 

-  4.8 

100 

22 

23.4 

24.6 

1.2 

50 

7 

Pasteurized 

40 

23.4 

23.6 

0.2 

265 

91 

90 

50 

7 

13.4 

16.0 

2.6 

100 

(•) 

19.4 

20.7 

1.3 

100 

16 

50 

19.0 

19.0 

0.0 

251 

93 

91 

100 

18 

18.7 

19.4 

0.7 

100 

20 

22.8 

17.6 

-  5.2 

100 

16 

62 

22.3 

17.6 

-  4.7 

250 

92 

100 

20 

22.7 

16.8 

-  6.9 

100 

22 

Pasteurized.  Dry  pro- 

1 

31.8 

26.6 

-  5.2 

100 

18 

teolytic  enzym 
added' 

-    5n 

32.6 

26.5 

-  6.1 

250 

92 

92 

100 

20 

35.1 

27.1 

—  8.0 

IflO 

12 

•32.7 

4W  1   •    A 

72.9 

40.2 

« 

466 

4  86.1 

86.6 

0.5 

296 

92i 

93 

vi 

9 

«117.9 

84.1 

-33.8 

M 

I'l 

5 

Pateurized.      Heated 

22.4 

23.5 

1.1 

100 

18 

bacterial  proteolytic 
enzym  added 

523 

22.8 
23.6 

23.5 
24.4 

0.7 

as 

250 

93 

93 

100 
100 

20 
12 

478 

422.0 

4  23.9 

475.0 

4  112.8 

296 

931 

93) 

s. 

55.6' 
68.7 

'■"si'i" 

-  6.3 

72.3 

-40.5 

h) 

6 

1  Calculated  total  nitrogen  in  lOOcc  butter  curd  solution  equivalent  to  nearly  700  grams  butter— 350ocNi6 
nitroffen. 

*  Eight  c.  c.  10  per  cent  ferrio  chlorid  solution. 

*  Analytical  work,  June,  1911,  on  butter,  buttermlllc,  etc,  by  R.  P.  NortoiL 
4  N/5  water-soluble  nitrogen  In  1 ,000  grams  butter. 

^  Equivalent  of  800  grams  of  butter. 

4  Ten  c.  c.  10  per  cent  ferric  chlorid  solatlOO. 

'  Equivalent  of  400  grams  of  butter. 
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Discussion  ofresvUs,  Table  2, — In  general,  fresh  butter  made  from 
unpasteurized  cream  (No.  42,  for  example)  has  a  little  more  water 
soluble  nitrogen  than  the  corresponding  sample  (No.  40)  churned 
from  some  of  'the  same  lot  of  cream  after  pasteurization.  Butter- 
milk from  raw-cream  butter  contains  more  water-soluble  nitrogen 
than  the  corresponding  sample  of  buttermilk  from  pasteurized 
cream.  (Compare  samples  13  and  14,  Table  3.)  In  sterilized  skim 
milk  the  soluble  nitrogen  content  is  still  lower.  (Compare  samples 
20, 22,  and  24  with  14, 16,  and  18,  Tables  3  and  4.)  These  differences 
between  pasteurized  and  unpasteurized  samples  are  very  likely  due 
to  the  partial  or  entire  coagulation  of  the  milk  albumin,  and  its 
removal  from  the  water-soluble  condition. 

The  coagulation  of  water-soluble  nitrogenous  substances  in  butter- 
milk due  to  high  pasteurizing  temperatures  was  shown  in  a  previous 
pubUcation  from  the  Dairy  Division  laboratories.^ 

It  is  believed  that  samples  42,  52,  and  65  contained  more  water- 
soluble  nitrogen  than  their  controls  Nos.  40,  50,  and  62,  because 
there  was  a  partial  precipitation  of  protein  during  the  pasteurizar 
tion  of  the  cream  from  which  the  latter  were  made  and  not  because 
the  galactase  undoubtedly  present  in  Nos.  42,  52,  and  65  was  active. 
If  it  were,  there  should  have  been  an  increase  in  the  amoimt  of 
water-soluble  nitrogen  after  storage.  In  so  far  as  there  was  none, 
it  19  inferred  that  the  activity  of  the  galactase  was  inhibited  by  the 
combined  effect  of  the  salt  and  cold  storage. 

The  differences  between  the  amounts  of  water-soluble  nitrogen  in 
the  different  samples  of  butter  before  and  after  storage  are  not  very 
large,  except  in  samples  466  and  478,  and  they  represent  in  all 
probabiUty  the  unavoidable  error  in  such  work..  It  is  to  be  borne 
in  mind  that  the  first  analysis  was  made  in  Albert  Lea,  Minn.,  and 
the  second  on  a  different  lot  of  cans  in  Washington,  D.  C.  Under 
such  circumstances  the  differences  are  not  considered  large.  In 
samples  466  and  478  it  is  probable  that  the  figures  obtained  for 
nitrogen  are  erroneous. 

'conclusions. 

From  the  data  obtained  it  is  evident  that  proteolysis  did  not  take 
place  to  any  appreciable  extent  in  the  samples  studied.  Nor  was 
there  any  simple  or  obvious  relation  between  the  figures  for  nitrogen 
and  the  butter  scores. 

As  the  following  calculations  show,  the  method  for  detecting 
proteolytic  action  in  butter  is  quite  deUcate  and  should  lead  to  the 
detection  of  proteolysis  were  it  appreciable.  In  a  determination  of 
water-soluble  nitrogen  in  butter  100  cubic  centimeters  of  curd  solu- 
tion were  used.    This  is  equivalent  to  a  little  over  700  grams  of  butter 

>  Rogers,  L.  A.,  Berg,  W.  N.,  and  Davis,  Brooke  J.    Loo.  cit.,  p.  317. 
66711*»-^-Bull.  162—13 \ 
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containing  13  per  cent  of  moisture.  A  nitrogen  determination  was 
made  in  400  cubic  centimeters  of  the  filtrate  from  the  acetic  acid 
precipitation,  equivalent  to  660  grams  of  butter.  The  butter  used 
contained  an  average  of  0.9  per  cent  of  curd.  The  700  grams  of 
butter  contained,  therefore,  700x0.009x0.1567  =  0.9872  grams  of 
nitrogen,  equivalent  to  352  cubic  centimeters  N/5  nitrogen. 

Suppose  that  during  the  cold-storage  period  5  per  cent  of  the  casein 
was  slightly  proteolyzed  and  became  water  soluble.  It  should  be 
borne  in  mind  that  the  method  of  detecting  proteolytic  action  here 
described  will  detect  it  in  its  first  stages.  In  this  respect  the  method 
possesses  undoubted  advantages  over  others  in  which  results  are 
obtained  for  variations  in  amounts  of  proteoses,  amino  acids  or 
ammonia,  which  correspond  to  later  and  later  stages  in  the  digestive 
process.  It  is  here  supposed  that  the  first  step  in  the  digestion  of 
5  per  cent  of  the  casein  has  taken  place,  the  rest  of  the  protein 
remaining  unchanged.  Allowing  for  30  cubic  centimeters  N/5  nitro- 
gen already. present  in  the  100  cubic  centimeters  of  curd  solution 
as  waternsoluble  nitrogen,  there  would  be  formed  by  the  proteolysis 
0.05  X  320  cc  =  16  cubic  centimeters  N/5  nitrogen  in  the  water  soluble 
form  in  addition  to  the  30  cubic  centimeters  originally  present.  The 
titrations  made  after  sfiorage  would  then  show  16x4/5  or  12  cubic 
centimeters  more  of  N/5  nitrogen  than  before  storage.  From  the 
results  obtained  it  is  probable  that  this  increase,  had  it  taken  place, 
would  have  been  detected. 

A  protein,  such  as  casein,  can  of  course  undergo  more  than  one 
kind  of  chemical  change.  These  changes  may  be  hydrolytic,  oxida- 
tive, or  putrefactive.  It  is  obvious  that  the  methods  used  in  this 
work  would  detect  the  hydrolytic  change  only.  Some  work  on  the 
possibility  of  oxidative  changes  in  the  protein  in  butter  is  described 
on  page  64  et  seq. 

PROTEOLYSIS  IN  MILK. 

POSSIBLE    OBJECTION    TO    THE    NEW    METHOD    FOB    DETECTING    PBO- 

TEOLYSIS    IN    BUTTER. 

An  apparent  objection  to  the  method  of  studying  possible  pro- 
teolytic changes  in  butter  just  described  lies  in  the  fact  that  a 
long  time  (five  days)  may  elapse  between  the  beginning  and  end 
of  the  determinations  of  nitrogen,  during  which  time  the  galactase 
or  bacterial  proteolytic  enzyms  present  in  butter  may  be  active. 
The  results  would  not  represent  proteolysis  during  cold  storage  but 
proteolysis  during  the  determinations  of  nitrogen.  For  this  reason 
the  foUowing  experiments  were  made. 

The  objects  of  these  were  two-fold:  First,  to  ascertain  by  a  method 
that  was  free  from  the  objections  to  the  method  for  butter  whether 
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galactose  could  digest  protein  la  an  18  per  cent  sodium  chlorid 
solution.  Second,  whether  the  sodium  chlorid  usually  present  in 
butter  curd  solutions  can  inhibit  the  proteolytic  action,  not  alone  of 
the  small  quantity  of  galactase  ordinarily  present  in  butter,  but  also 
the  action  of  larger  amounts  of  proteolytic  enzyms  that  might  find 
their  way  into  butter  in  any  one  of  several  ways,  as,  for  instance, 
the  proteolytic  bacteria  that  may  grow  in  the  milk  and  cream. 

THE  INHIBITING  EFFECT  OF  SODIUM  CHLORID  AND  COLD  STORAGE  UPON 
THE   ACTIVITY  OF  GALACTASE   IN   BUTTERMILK. 

Six  lots  of  buttermilk  of  about  eight  liters  each  were  obtained 
from  three  chumings  of  unpasteurized  sweet  cream  and  from  three 
chumings  of  pasteurized  sweet  cream.  In  Table  3,  page  29,  is  indi- 
cated the  number  of  the  lot  of  butter  corresponding  to  each  lot  of 
buttermilk.  Buttermilk  samples  13  and  14  were  obtained  from  the 
churning  of  one  lot  of  sweet  cream,  half  of  which  was  churned  un- 
pasteurized (butter  No.  42,  buttermilk  No.  13)  and  half  of  which 
was  pasteurized  before  churning  (butter  No.  40,  buttermilk  No.  14). 

To  each  liter  of  buttermilk  5  cubic  centimeters  of  chloroform  and 
180  grams  of  sodium  chlorid  were  added.  These  samples  were 
intended  to  represent  approximately  butter  minus  butterfat.  In 
such  material  a  study  of  possible  proteolytic  action  could  be  made 
in  a  comparatively  short  time,  since,  no  time  is  necessary  for  the 
melting  of  the  butter  or  the  separation  of  the  fat. 

The  buttermilk  was  then  sealed  in  cans,  each  containing  600  cubic 
centimeters  of  the  sample.  These  cans,  which  were  also  used  for 
butter,  were  of  heavy  tin,  thoroughly  lacquered.  The  smaller  part 
of  these  samples  remained  in  the  creame/y  cooler;  the  rest  were 
shipped  to  cold  storage  in  Chicago.  The  samples  were  not  removed 
from  the  cooler  for  analysis  until  it  was  certain  that  sufficient  time 
had  passed  to  permit  the  transportation^  by  refrigerator  freight,  of 
the  samples  from  Albert  Lea,  Minn.,  to  Chicago,  and  the  placing  of 
the  samples  in  the  cold-storage  rooms.  It  was  intended  that  the 
first  analysis  of  these  samples  should  show,  as  closely  as  possible, 
the  amount  of  water-soluble  nitrogen  present  in  the  material  as  it 
went  into  cold  storage,  and  not  as  it  left  the  chum.  It  is  highly 
probable  that  galactase,  even  in  the  presence  of  18  per  cent  sodium 
chlorid,  can  slowly  digest  protein  material,  if  the  temperature  is 
above  that  of  cold  storage  as  it  is  ordinarily  practiced.  It  seems 
reasonable  to  suppose  that  the  proteolysis  in  butter  observed  by 
Rahn,  Brown,  and  Smith  ^  was  due,  in  part  at  least,  to  the  compara- 
tively  high  temperatures  at  which  their  butter  was  stored.  But  in 
SO  far  as  this  investigation  is  concerned  with  possible  chemical 

iLoccit. 
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changes  that  may  take  place  in  butter  while  in  cold  storage  and  not 
at  higher  temperatures,  the  times  at  which  analyses  were  made  were 
always  chosen  so  as  to  give  results  as  nearly  representative  of  the 
condition  of  the  material  immediately  before  and  after  cold  storage 
as  possible. 

Method  of  measuring  the  activity  of  galactcLse  in  buttermilk. — When 
it  was  reasonably  certain  that  the  other  samples  of  buttermilk  had 
reached  the  cold  storage,  samples  were  removed  from  the  creamery 
cooler  and  water-soluble  nitrogen  was  determined  in  them  by  prac- 
tically the  same  method  as  was  used  for  butter.  The  buttermilk 
was  treated  as  if  it  were  so  much  butter  curd  solution  entirely  freed 
from  fat.  All  the  precautions  that  were  taken  in  the  work  on  butter 
were  taken  here  also.     The  method  is  described  on  page  18. 

The  first  analyses  were  made  in  September  and  October,  1910. 
For  the  analyses  made  in  December,  1910,  and  in  June,  1911,  samples 
were  shipped  from  cold  storage  in  Chicage  by  express  to  Washington. 
Upon  their  arrival  the  material  was  at  once  transferred  to  the  re- 
frigerator in  the  Dairy  Division  laboratories,  where  it  remained  till 
used  for  analysis.  The  total  time  during  which  the  samples  were 
out  of  cold  storage  was  as  short  as  possible. 

Results, — From  the  results  obtained  on  samples  13,  15,  and  17, 
summarized  in  Table  3,  it  is  evident  that  in  buttermilk  obtained 
from  raw-cream  butter  the  activity  of  galactase  is  practically  en- 
tirely inhibited  by  the  presence  of  18  per  cent  of  sodium  chlorid  and 
by  the  low  temperature,  0®  F.  (  —  18*^  C.)  of  the  cold  storage.  When 
some  of  this  same  material  is  allowed  to  remain  for  a  long  time  at 
room  temperature,  the  galactase  apparently  becomes  much  more 
active,  because  the  casein  is  seen  to  clot  and  the  mixture  assumes  the 
appearance  of  one  in  which  digestion  is  going  on. 

Samples  14,  16,  and  18  were  to  serve  as  controls  on  those  of  the 
other  three.  Although  galactase  in  cream  is  not  entirely  destroyed 
by  ordinary  pasteurization,  it  is  partly  inactivated.*  It  was  expected 
that  the  figures  for  water-soluble  nitrogen  in  samples  14,  16,  and  18 
would  change  little  during  storage,  thereby  affordmg  a  check  on  the 
correctness  of  the  work.  The  figures  for  water-soluble  nitrogen  in 
samples  13,  15,  and  17,  had  they  increased  during  storage,  could 
then  have  been  considered  as  obtained  by  a  method  that  showed  no 
change  where  none  is  to  be  expected. 

1  Rogera,  L.  A.,  Berg,  W.  N.,  and  DsvIb,  Brooke  J.    Loc.  dt.,  p.  818. 
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Table  3. — Effect  oj  sodium  chlorid  and  cold  storage  {0°  F.^—IS^  C.)  upon  the  activity  of 

galactose  in  huUermiUo. 


Buttermilk  obtained  from  chumings  of  unpas- 

Buttermilk obtained  from  cbumings  of  pas- 

teurized dweet-cream  buttei . 

teurized  sweet-oream  butter. 

Butter- 

Butter, 
lotNa 
10.311, 
sample 
No. 

N/6  water«dluble 

10  per  cent 

Butter- 

^^.. AA  A_ 

N/5  water-soluble 

10  per  cent 

milk, 

nitrogen  in  100  CO. 

acetic  add 

milk, 

Butter, 

mtrogeninlOOcc. 

acetic  acid 

lot  No. 
16.612, 
sample 

buttermilk. 

used  as  pre- 
cipitant for 

200  CO. 

lot  No. 

10.622, 

sample 

lot  No. 

ia321, 

sample 

No. 

buttermilk. 

usedaspre- 

dpitanffor 

200  CO. 

No. 

Ago. 

N/6N. 

buttermilk. 

Na 

Age. 

N/5N. 

buttermilk. 

Dayt. 

C.c. 

C.c. 

Dayt. 

C.e. 

C.c. 

13 

42 

25 

39.2 
36.8 

20 
18 

14 

40 

25 

36.1 
38.2 

18 
12 

116 

40.7 

20 

116 

39.1 

12 

41.0 

18 

301 

36.3 

18 

301 

37.2 

20 

38.3 

12 

37.4 

18 

16 

50 

10 

31.1 

20 

15 

52 

10 

42.1 

16 

30.3 

24 

40.9 

20 

124 

31.9 

20 

124 

43.4 

16 

30.3 

24 

* 

42.6 

20 

297 

30.1 

20 

297 

39.5 

16 

28.6 

24 

40.0 

20 

18 

^ 

10 

35.0 

22 

17 

65 

10 

42.6 

14 

86.3 

18 

45.3 

12 

101 

35.2 

22 

101 

45.1 

14 

36.3 

18 

46.3 

12 

286 

33.6 

22 

286 

41.1 
38.7 

14 
12 

34.8 

18 

179  cubic  centimeters  N/5  nitrogen^average  total  nitrogen  in  100  cubic  centimeters  buttermUk. 

The  results  on  these  samples  of  buttermilk  confirm  the  results 
obtained  on  the  corresponding  samples  of  butter.  It  is  practically 
certain,  for  example,  that  butter  sample  No.  42  and  the  buttermilk 
obtained  from  it  both  contained  galactase,  though  in  different 
amounts.  Under  the  conditions  of  the  experiments  proteolytic  action 
was  uniformly  inhibited,  both  in  the  butter  and  in  the  buttermilk. 

As  the  following  calculations  show,  the  method  used  for  the  detec^ 
tion  of  proteolytic  action  in  buttermilk  (skim  milk)  is  quite  delicate 
and  should  lead  to  the  detection  of  proteolytic  action  were  it  appre- 
ciable. In  the  determination  of  water-soluble  nitrogen  in  buttermilk 
200  cubic  centimeters  were  taken,  which  contained  very  close  to  360 
cubic  centimeters  N/5  total  nitrogen.  Let  it  be  assumed  that  during 
the  cold  storage  period  6  per  cent  of  the  casein  became  water  soluble. 
Allowing  an  average  of  80  cubic  centimeters  N/5  nitrogen  in  water- 
soluble  form  originally  present  in  the  200  cubic  centimeters  of  butter- 
milk, there  would  be  formed  by  the  proteolysis  0.05X280  =  14  cubic 
centimeters  N/5  water-soluble  nitrogen.  In  the  actual  determination 
200  cubic  centimeters  of  buttermilk  were  diluted  to  500  cubic  centi 
meters  precipitated  with  acetic  acid,  and  two  200  cubic  centimeter 
portions  of  the  filtrate  were  used  for  nitrogen  determinations.  There- 
fore if  5  per  cent  of  the  casein  had  become  hydrolized  the  titrations 
after  cold  storage  would  have  been  5.6  cubic  centimeters  higher  than 
the  corresponding  titrations  before  storage.  It  is  probable  that  this 
increase  would  have  been  detected. 
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THE  INHIBITING  EFFECT  OF  SODIUM  CHLORID  AND  COLD  STORAGE 
UPON  THE  ACTIVITIES  OF  PftOTEOLTTIC  ENZYHS  IN  STERILIZED 
SKIM  MILK. 

Description  of  samples. — Several  5-liter  flasks  full  of  skim  milk  were 
kept  in  a  steam  sterilizer  for  about  two  hours  at  a  temperature  vary- 
ing between  94°  and  99*"  C. 

Three  3-liter  portions  were  measured  out  roughly  and  rapidly  while 
the  skim  nulk  was  hot,  into  bottles,  samples  No.  20,  22,  and  24.  A 
weighed  quantity  of  the  enzym  preparation  was  then  added.  The 
amounts  are  given  in  Table  4,  page  30. 

After  cooling,  540  grams  of  sodium  chlorid  was  added  to  each 
sample.  The  bacterial  enzym  was  prepared  from  cultures  of  an  acid- 
forming  bacterium  that  secreted  a  proteolytic  enzym.  The  usual 
method  of  precipitating  with  alcohol,  etc.,  was  used.  The  dry  en- 
zym preparation  was  tested  before  it  was  used  In  the  experiments 
and  found  to  be  proteolytically  active.  The  other  enzym  prepara- 
tions were  the  ordinary  commercial  ones. 

Three-Uter  portions  of  the  skim  milk  were  quickly  cooled  to  35**  C. 
To  each  was  added  540  grains  of  sodium  chlorid,  to  which  there  had 
been  previously  added  the  amount  of  enzym  indicated  in  the  table. 
Obviously,  samples  20,  22,  and  24  were  controls  on  Nos.  19, 21,  and  23. 

These  samples  were  canned  as  before.  Most  of  these  were  shipped 
to  cold  storage  in  Chicago,  where  they  were  maintained  at  a  tempera^ 
ture  of  20°  F.  (—  7°  C).  Determinations  of  water-soluble  nitrogen 
were  made  by  the  method  already  described  in  a  previous  publica- 
tion ^  and  in  this  paper  page  18. 

Table  4. — Effect  of  sodium  chlorid  and  cold  borage  upon  the  octiviHeB  of  proteolytic 

enzymes  in  sterilized  sHm  milk  HoredaltO^  F,  (—7*'  C). 


Sldm 

milk, 

lot  No. 

10.612, 

sample 

No. 

Compoaitloii  of 

N/5  water- 
soluble  ni- 
trogen* ill 
lOOccskbn 
milk  after 
75  days' 
storage. 

10  per  cent 
aoetic  acid 
nsedaspre- 
clpitantfor 
200c.c.8klm 
milk. 

Skim 

milk, 

lot  No. 

ia622, 

sample 

NoT 

CompoRition  of 

control 

mixtures. 

N/5  waters 
soluble  ni- 
trogen >  in 
ICOc.cskim 
milk  after 
77  days' 
storage. 

10  peromit 
aoetic  add 
used  as  pre- 
cipitant for 
200  C.C.  skim 
mUk. 

19 

Skim  milk,  3 liters 
Dairy    salt,    540 

grams. 
Bacterial 

C.e. 
44.9 
48.1 

C.  c. 
20 
10 

20 
22 
24 

Skim  milk,  8  liters 
Dairy  salt,    540 

grams. 
Bacterial 

C.c, 
88.1 
33.1 

C.e. 

20 
10 

Ensym  (dry),  15 

sum  milk.  3  litem 
Dairy    salt,    540 

grams. 
Pancreatin,  3 

|ram8,  dry  (u. 

Skiin  milk,  3  liters 
Dairy    salt,    540 

grams. 
Pepsin  (U.S.  P.), 

Enxym  (boiled), 

15  grams. 
Skim  milk^3  liters 
Dairy   salt,   540 

grams. 
Pancreatin  (U.  S. 

P.),  boUed,  8 

grams. 
Sldmmilk.Sllten 
Dairy   salt,   540 

grams. 
Pep8ln(tJ.8.  P.), 

boiled,  3  grams. 

1 

21 

118.2 
121.0 

20 
10 

22.8 
28.5 

19.8 
24.2 

80 
10 

33 

54.1 
65.5 

20 

10 

20 
10 

1  Rogers,  L.  A.,  Berg,  W.  N.,  and  Davfs,  Brooke  7.    Loc.  oit.,  p.  815. 

*  198  c.  c.  N/5  nitrogen— average  total  nitrogen  in  100  c.  c.  skim  milk. 
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BesuUs. — In  sample  No.  19  there  was  present  a  large  quantity  of 
a  proteolytic  enzym  of  bacterial  origin  that  was  known  to  be  active 
on  gelatin.  It  is  highly  probable  that  much  more  enzym  was  present 
here  than  there  is  ever  present  in  butter,  and  the  figures  indicate 
plainly  that  the  salt  strongly  inhibited  its  action  during  the  period 
under  observation.  It  is,  of  course,  possible  that,  given  a  period  of 
time  greatly  exceeding  ordinary  storage  periods,  further  proteolysis 
in  this  sample  might  have  been  observed. 

In  samples  21  and  23  digestion  took  place  to  a  large  extent.  In 
No.  21  approximately  two-thirds  of  the  total  protein  had  become 
water  soluble. 

.  On  samples  20,  22,  and  24  practically  identical  results  were  ob- 
tained before  and  after  storage,  as  would  be  expected.  This  indi- 
cated that  in  the  controls  no  proteolytic  changes  were  detected. 

CONCLUSIONS. 

It  is  evident  from  these  results  that  in  the  presence  of  very  large 
amounts  of  strongly  active  proteolytic  enzyms,  proteins  will  be 
hydroUzed  even  in  cold  storage  (or  in  transit)  and  in  strong  salt  solu- 
tions. But  there  is  no  reason  to  suppose  that  at  any  time  such 
amotmts  of  enzyms  are  ever  foimd  in  butter. 

It  is  very  probable  that  samples  21  and  23  contained  several  thou- 
sand times  as  much  proteolytic  enzym  as  is  present  in  ordinary 
butter  of  any  kind. 

However,  it  must  be  borne  in  mind  that  the  claim  is  not  made 
that  sodium  chlorid  does  not  exert  an  inhibiting  influence  on  pro- 
teoljTtic  action.  Whether  it  does  or  does  not  depends  upon  the 
conditions  of  the  experiment.  It  is  comparatively  easy  to  show 
that  the  action  of  pepsin-acid  can  be  inhibited  very  strongly  by 
large  amounts  of  sodium  chlorid.  In  the  spring  of  1909  some  experi- 
ments were  made  in  which  the  speed  of  digestion  of  casein  in  several 
pepsin-acid  solutions  was  compared  with  that  in  the  same  solutions 
to  which  20  grams  of  sodium  chlorid  to  100  cubic  centimeters  of  acid 
solution  had  been  added.  The  presence  of  the  salt  almost  completely 
inhibited  the  action  of  the  pepsin-acid  during  the  time  of  the  experi- 
ment, 40  minutes'  digestion,  but  it  is,  of  course,  possible  that  proteo- 
lytic action  would  have  taken  place  had  the  digestion  period  been 
several  months.  The  method  of  comparing  speeds  of  digestion  was 
that  described  by  Gies.^  In  general,  the  statement  that  sodium 
chlorid  does  inhibit  proteolysis  is  true,  therefore,  at  low  tempera- 
tures, when  the  amount  of  enzym  is  small  and  the  digestion  period 
(storage  period)  is  long  or  when  the  amount  of  enzym  is  large  and 
the  digestion  period  is  short,  as  in  ordinary  digestion  experiments. 

1  Berg,  William  N.,  and  Oies,  William  J.  Studies  of  tbe  eifects  of  ions  on  catalysis,  wlUi  partloolar 
reftaenoe  to  peptolTsis  and  tryptolysta.  Journal  of  Biological  Cbemistry,  vol.  2,  no.  6,  pp.  481^-^0.  New 
York,  March,  1907. 
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The  statement  that  sodium  chlorid  does  not  inhibit  proteolytic 
action  is  true  at  comparatively  high  temperatures  when  the  amount 
of  enzym  is  very  large  and  the  digestion  period  very  long.  The 
apparently  contradictory  statements  are  the  results  of  testing  the 
action  of  the  sodium'  chlorid  over  a  wide  range  of  enzym  concentra- 
tion and  over  widely  varying  digestion  periods. 

Several  investigators  have  studied  the  action  of  sodium  chlorid  on 
the  tryptic  digestion  of  casein.  Their  conflicting  statements  are,  of 
course,  easily  accounted  for  by  the  fact  that  the  experiments  were 
made  under  conditions  that  were  not  uniform  with  regard  to  the 
concentration  of  sodium  chlorid,  the  relative  proportions  of  alkali, 
trypsin,  and  casein,  etc.    Their  work  is  summarized  by  Robertson.* 

THE  INDIRECT   ACTION   OP  BACTERIA. 

The  improbability  that  the  proteolytic  enzyms  are  responsible  for 
the  difference  in  keeping  quality  between  unpasteurized  and  pasteur- 
ized sweet-cream  butter  is  shown  by  the  work  given  in  detail  in  the 
preceding  pages.  The  bacteria  are  another  possible  factor  removed 
by  pasteurization.  While  it  is  certain  that  they  do  not  grow  at  the 
low  temperature  of  commercial  storage,  it  is  possible  that  the  pres- 
ence of  a  large  number  of  living  cells,  or  various  active  enzyms 
which  may  possibly  be  liberated  by  the  death  of  the  bacteria,  may 
have  an  influence  on  the  flavor  of  the  butter.  If  the  bacteria 
destroyed  by  the  pasteurization  could  be  replaced  in  the  cream  their 
influence  on  the  flavor  should  be  shown  in  a  comparison  of  the  butter 
made  from  this  reinoculated  cream  and  that  made  from  a  part  of  the 
same  pasteurized  cream,  but  without  the  addition  of  bacteria. 
Before  this  could  be  done  intelligently  it  was  necessary  to  obtain  a 
general  knowledge  of  the  bacteriological  content  of  the  raw  cream. 
The  normal  bacteria  of  the  cream  from  one  skimming  station  was  deter- 
mined by  sampling  every  day  and  plating  on  lactose  agar.  After  7 
days'  incubation  at  about  30°  C.  the  plates  were  counted  and  all  of 
the  colonies  on  a  representative  plate  were  transferred  to  litmus  mUk 
tubes.  These  were  incubated  and  examined  after  2,  5,  and  14  days. 
This  enabled  a  separation  into  high  acid  forms  which  curdled  the  milk 
in  less  than  2  days;  low  acid  forms  forming  acid  but  curdling  the 
milk  slowly  or  not  at  all;  alkali  formers,  peptonizers,  and  those  that 
produce  no  visible  change  in  the  milk.  These  groups  were  calculated 
as  percentages  of  the  total  bacteria,  and  the  results  are  given  in 
Table  5. 

>  Robertson,  T.  Brailsford.  On  some  ohemloal  piopearties  of  casein  and  their  possible  relation  to  the 
obemical  behavior  of  other  protein  bodies,  with  especial  reference  to  hydrolysis  of  casein  by  trypsin. 
Journal  of  Biological  Chemistry,  vol.  2,  no.  4,  pp.  317-383.    New  York,  January,  1M7.    See  p.  355. 
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No. 

Bacteria  per 
cubic  centi- 
meter. 

High  acid. 

Low  add. 

Alkali. 

Pepton- 
icers. 

1 

No  change. 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

116,000,000 
61,000,000 
23,500,000 
40,000,000 
99,000,000 
34,000,000 
11,800,000 
33,500,000 
51,000,000 
40,000,000 
8,000,000 
21,800,000 
37,000,000 

101,000,000 

147,000,000 
54,500,000 
69,500,000 
30,000,000 
88,000,000 
98,000,000 

110,000,000 
45,000,000 
52,000,000 
87,500,000 
39,500,000 
6,700,000 

Pfretnt. 
25.8 
41.6 
21.2 
48.8 
14.1 
36.1 
16.3 
49.0 
27.1 
9.3 
27.9 
2a4 
27.8 
68.7 
6a2 
36.0 
29.5 
51.7 
^9 
15i3 
15.0 
12.6 

3ao 

6.8 

7.5 

33.3 

Per  cent. 

11.3 

16.6 

7.7 

2.4 

9.9 

a4 

12.1 

23.0 

14.6 

2.3 

8.9 

3.3 

Per  cent. 

1.0 

.6.7 

1.0 

Percent. 

1.0 
10.0 

7.3 
12.2 
25.3 

Per  cent 
6a8 
2&0 
62.1 
36.6 
5a5 
55l6 
55.9 
25.7 
54.2 

sao 

65.7 
7a3 
61.1 
18.7 
24.7 
4&0 
47.5 
24.1 
4&2 
84.7 
78.0 
68.5 
46La 
87.5 

8ao 

649 

1.1 

1.7 

12.9 
3.0 
4.2 
7.2 
1.3 
&4 
8.3 
4.4 
1.8 

ao 

3.2 
3.4 
1.1 

6.3 

2.8 
4.4 
5.3 
&0 
8.2 
Z.A 
2.2 

3.6 
8.0 
6.0 
11.5 
17.2 
7.7 

7.0 
1&9 
12.0 
5.7 
7.5 
L8 

12.0 

5.0 

It  will  be  noticed  that  the  number  of  bacteria  in  the  cream  was 
high  and  that  there  was  great  variation  in  the  proportion  of  the  groups 
from  day  to  day. 

REINOCULATION    OF  CREAM. 

Typical  cultures  were  saved  from  each  group  and  used  to  inoculate 
one-half  of  a  lot  of  pasteurized  cream.  Sufficient  amounts  of  milk 
cultures  were  added  to  the  pasteurized  cream  to  bring  the  bacterial 
count  at  the  end  of  about  24  hours  to  numbers  and  proportions 
approximately  those  of  the  cream  before  pasteurization.  This  was 
of  course  very  difficult  to  control,  but  the  results  given  in  Table  2 
show  that  this  was  attained  within  reasonable  limits.  Two  experi- 
ments of  this  kind  were  made,  each  consisting  of  three  lots  of  butter. 
One-third  of  a  lot  of  sweet  cream  was  cooled  and  churned;  two- 
thirds  was  pasteurized  by  holding  at  145®  F.  for  20  minutes;  one- 
half  of  the  pasteurized  cream  was  cooled  and  churned,  and  the 
remaining  portion  inoculated  with  the  milk  cultures  and  held  about 
24  hours  to  allow  bacteria  to  develop.  There  was  no  appreciable 
increase  in  acidity  in  this  period.  The  cream  was  then  cooled  and 
churned  as  before.  It  is  probable  that  the  lipase  was  destroyed  and 
the  galactase  weakened.  Tests  showed  that  catalase  was  present  in 
the  raw  cream,  absent  in  the  pasteurized  cream,  and  present  again 
in  the  inoculated  cream,  while  all  three  lots  gave  a  test  for  peroxidase. 

66711*— BuU.  162—13 5 
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CHANGE  IN  FLAVOR  OF  STORAGE  BUTTER. 


The  score  of  the  butter  given  in  Table  7  shows  that  while  there 
was  a  marked  difference  in  the  rate  of  deterioration  in  the  raw-cream 
butter  and  the  pasteurized-cream  butter,  the  reinoculation  of  the 
cream  with  bacteria  had  little  or  no  effect  on  the  keeping  quality  of 
the  butter.  In  one  case  the  inoculated-cream  butter  changed  more 
than  the  uninoculated,  while  in  the  other  lot  the  reverse  was  true. 

Table  6. — Bacteria  in  cream  medjcr  mating  butter. 

No.  1. 


Trmtment  of  cream. 


Bacteria  ptt^ 
cublc€enti- 
meter. 


High 
add. 


Raw 

Pasteurised 

Pasteurized  reinoculated . 


48,000,000 

63,000 

20,000,000 


Percent. 
13.1 


18.7 


I 


Low 
add. 


Percent. 
10.9 


AUoJi 


Perutni. 
0.0 


6.0 


0.0 


Pepton- 


Percmt. 
17.4 


2.6 


No 

changa 


Percent. 
68.6 


72.2 


No.  2. 


• 

Raw 

47,000,000 

23,400 

217,000,000 

46.0 

6.3 

0.0 

6.3 

41. 4 

Pasteurifed 

Pasteurized  reiooculated 

26.8 

.5 

1.0 

1.0 

70.7 

Table  7. — Scores  of  butler — raw,  paeteturizedf  and  reinorulated  cream. 


First  score. 


Treatmeot  of  cream. 


Raw 

Pasteurised 

Pasteorlied  and  inoeu 
lated. 

Raw 

Pasteurized 

Pasteurized  and  inocu 
ated. 


Age, 
days. 

Total 
score. 

6 

86 

6 
6 

92 
01 

4 
4 

86 
92 

4 

91 

Comments. 


Very   undean,  some- 
what rancid. 

Slightly  woody 

Woody 

Unclean,  mndd 

SUf^tly  woody 

Woody 


Second  score. 


Age, 
days. 


38 

38 
38 

36 
36 

36 


Total 
score. 


82 

87 
91 

82 
90 

89 


Comments. 


Rank,  woody,  randd. 

Very  woody. 
Somewhat  woody. 

Randd,  woody. 
Slightly    unclean, 

woody. 
Woody. 


It  is  perhaps  significant  that  raw,  sweet-cream  butter  always 
becomes  rancid,  a  flavor  usually  associated  with  the  liberatioii  of 
fatty  acid.  It  is  not  improbable  that  the  lipase  of  the  milk  is  able  to 
act  under  these  conditions,  but  that  the  ripening  of  raw  cream,  which 
usually  prevents  the  development  of  this  flavor,  inhibits  the  action 
of  this  aizym. 

THE  POSSIBLE  OXIDATION  OF  BUTTER  BY  INCLOSED  AIR. 

The  possible  oxidation  of  butter  by  finely  divided  air  ^bbules 
inclosed  in  it,  as  previously  pointed  out,  made  it  desirable  to  find 
out  how  much  air  was  present  in  butter  exclusive  of  large  pockets, 
and  second,  whether  the  air  present  in  butter  imderwent  a  change 
during  storage  through  the  transfer  of  oxygen  from  the  air  to  some 
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oxidizable  substanoe  in  the  butter.    The  work  was  done  m  the  field 
laboratory  of  the  Dairy  Division,  Troy,  Pa. 

Method  of  gas  wnalysis. — The  following  diagram  shows  the  appa- 
ratus used  for  obtaijiing  the  gas  from  a  can  of  butter.  The  deter- 
mination of  the  amount  of  air  (or  gas)  in  a  can  of  butter  was  made 
as  follows:  The  can  of  butter  was  removed  from  the  refrigerator  late 
in  the  afternoon  and  allowed  to  remain  at  room  temperatiu^  over 
night.  The  next  morning  the  can  was  placed  in  water  at  45®  C.  for 
about  an  hour  until  the  contents  of  the  can  were  melted.  The  flasks, 
previously  connected,  and  the  Toepler  pump,'  were  then  evacuated 
by  the  Geryk  pump  through  the  tube  d.  Tube /could  be  evacuated 
by  opening  the  stopcock  toward  the  Toepler  pump.  The  Geryk 
pump  was  worked  until  the  McLeod  gauge  on  the  Toepler  pump 
read  about  0.3  millimeter.    The  flask  i  and  tube  j.  were  then  evao- 


S^      Kt  Gmrvk  tMn» 


^  ^00jp/ef-joumj9 


Fig.  1.— Apparatus  used  for  obtaining  gas  from  a  can  of  butter. 

uated.  The  can  punch  was  then  brought  under  tube  g  and  the 
can  of  butter  placed  inside  of  n.  The  brass  plate  g,  carrying  the 
upper  needle,  was  placed  over  the  can.  The  plate  is  held  over  the 
can  by  two  brass  guide  rods,  threaded  at  their  upper  ends  and 
screwed  into  r,  the  brass  base,  q  was  then  screwed  down  a  short 
distance,  so  that  the  upper  end  of  the  upper  needle  I  could  be  brought 
under  the  lower  end  of  tube  g,  I  and  g  were  connected  by  the 
usual  rubber  tube  and  rubber  nipple  mercury  seal.  Water  at  60°  C. 
was  poured  into  the  container  until  the  can  was  completely  sub- 
merged. The  water  was  then  colored  by  adding  a  few  cubic  centi- 
meters of  alcoholic  solution  of  methylene  blue.  Previous  to  putting 
the  can  of  butter  into  n,  the  funnel  p  was  filled  with  a  three-fourths 
saturated  sodium  chlorid  solution  at  50°  C.  and  air  bubbles  removed 
from  0,  partly  by  squeezing  o  and  forcing  the  air  bubbles  up  to  p, 


I  We  used  an  improved  form  of  Toepler  pump  designed  by  Dr.  Clark,  of  this  laboratory. 


36  CHANGE   IN   FLAVOR   OF   STORAGE  BUTTER. 

and  then  by  opening  the  screw  clamp  at  t  and  allowing  the  solution 
tG  flow  through  V  into  n.  The  two  needles  were  forced  into  the  can 
by  screwing  down  q.  In  order  not  to  open  the  mercury  seal  at  the 
upper  end  of  Z,  the  entire  punch  was  raised  as  fast  as  I  was  lowered, 
by  means  of  several  thin  wooden  strips  and  a  wedge  on  both  sides. 
When  it  was  apparent  that  the  rubber  stoppers  Jc  were  pressing  very 
tightly  agaixist  the  can,  and  very  soon  the  needles  would  punch  the 
can,  I  and  g  were  evacuated  by  opening  the  stopcock  toward  i. 
The  entire  system  was  now  empty,  from  Z  to  y,/,  c,  6,  and  the  Toepler 
pump.  The  Geryk  pump  was  then  cut  oflf  altogether  from  the  rest 
of  the  system,  q  was  still  further  forced  down  imtil  the  lower  and 
then  the  upper  needles  pierced  the  can.  When  the  upper  cover  was 
pierced,  butter  fat  would  fill  tube  g  to  stopcock  h\  This  was  then 
opened  and  butter  fat  was  slowly  passed  through  /  into  c,  where  it 
remained.  The  inclosed  gases  passed  on  through  b  to  the  Toepler 
pump.  The  screw  clamp  t  was  removed  soon  after  the  butter  b^an 
to  flow  out  of  the  can,  permitting  salt  solution  to  enter  the  can  as 
fast  as  butter  left  it.  During  the  passage  of  butter  fat,  and  later  of 
butter  curd  solution,  the  entire  can  was  covered  with  water.  In  only 
one  experiment  did  any  colored  solution  find  its  way  into  the  tube  g. 
Stopcock  h'  shut  off  the  connection  between  g  and/ when  salt  solution 
began  to  come  through  g.  This  usually  happened  when  most  of  the 
butter  fat  and  part  of  the  curd  solution  had  passed  into  c.  Knowing 
the  weight  of  the  can  of  butter,  the  empty  can,  the  weight  of  c 
empty  and  when  filled  with  butter  from  the  can,  the  amount  of 
butter  passed  into  c  could  be  ascertained  approximately.  In  general 
between  seven  and  eight  tenths  of  the  contents  of  the  can  were  passed 
into  c  during  the  experiment.  The  gas  in  the  Toepler  pump  and 
flasks  was  then  pumped  out  in  the  usual  way  and  measured.  Part  of 
it,  50  to  60  cubic  centimeters,  was  used  for  the  determination  of  car- 
bon dioxid  and  of  oxygen.  The  usual  apparatus  was  used.  The 
determinations  were  made  according  to  the  methods  described  in 
HempePs  Methods  of  Gas  Analysis,  1906,  pages  149  and  201. 

One  blank  on  air  was  made  before  the  results  were  obtained,  one 
after,  and  two  between  results,  so  that  the  reagents  were  certainly  in 
good  condition. 

In  the  third  determination  on  2A  a  few  drops  of  colored  water  were 
seen  to  pass  up  the  tube  g.  No  more  butter  (butter  fat)  was  allowed 
to  pass  into  c  and  the  estimation  of  the  quantity  and  composition  of 
the  gas  was  made  as  usual.  It  is  probable  that  the  apparently  high 
carbon  dioxid  was  due  to  greater  volatilization  of  acid-reacting 
material.  In  this  experiment  flask  e  contained  525  grams  of  butter 
instead  of  the  usual  700-800  grams. 

Results. — The  butter  used  had  been  churned  from  pasteurized 
ripened  cream,  packed  carefully  bi  2-pound  tin  cans,  and  sealed  by  a 
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sealing  machine.  Determinations  were  made  before  and  after  stor- 
age. Part  of  the  butter  was  worked  normally  in  the  churn  (samples 
marked  '*A"),  part  was  overworked  (samples  marked  **B").  Sam- 
ples 1 A  and  IB  were  obtained  from  the  same  lot  of  butter  and  samples 
2A  and  2B  were  from  another  lot. 

Table  8. — Quantity  and  compontion  of  gas  in  pasteurized  ripened-cream,  butter. 

BEFORE  STORAGE. 


Lot  No.  10.4. 


V'olume  of  gas 
obtained  from 
1  can  (capacity 
approximatdy 
inter)  of  but- 
ter  reduced  to 
0"  C.  and  760 
mm.  of  mer- 
cury. 


Samiide  No.— 

lA  (normal)... V. 

IB  (overworked). 

lA."    

IB 

2A 

2B 

2B 

Blank  on  air 


.  e. 

90.6 
101.4 
107.7 

08.8 
141.5 
104.6 
101.4 


Composition  of  gas. 


Carbon 
dioxid. 


Percent. 


31.3 
20.7 
36.8 
37.8 
37.8 
.8 


Oxygen. 


Per  cent. 


19. 
20. 
19. 
19. 


18.6 
21.87 


AFTER  STORAGE. 


Sample  No.- - 

lA 

94.1 

76.9 

139.0 

112.0 

71.0 

117.6 

34.2 
32.5 
31.6 
39.3 
52.8 
33.6 
.38 
.39 
.39 
.66 

13.3 

.    IB 

11.0 

2A '. 

13.1 

2A 

12.1 

2A 

10.0 

2B 

13.3 

Tilanke  on  air , 

22.1 

21.6 

20.77 

21.82 

The  results  (see  table  8)  before  storage  were  obtained  in  November 
and  December,  1911.  All  of  the  results  for  carbon  dioxid  were 
obtained  on  the  same  pipetteful  of  potassium  hydroxid  solution  and 
all  of  those  for  oxygen  cm  the  same  pipetteful  of  sodium  pyrogallate. 
The  blank  was  made  after  all  the  other  results  had  been  obtained. 
Two  separate  determinations  on  two  cans  of  2B  showed  that  the  same 
result  could  be  obtained  on  two  cans  of  the  same  lot  of  butter. 

On  the  assumption  that  the  gas  in  butter  is  a  mixture  of  carbon 
dioxid  and  air,  the  oxygen  content  found  is  apparently  high. 

If  the  percentage  of  carbon  dioxid  be  subtracted  from  100;  leaving, 
for  example,  70  per  cent  of  the  gas  supposedly  air,  the  percentage  of 
oxygen  (20)  forms  too  large  a  part  of  the  total  volume  of  gas  from 
which  carbon  dioxid  has  been  removed. 

The  butter  was  stored  at  0°  F.  untU  the  following  March,  1912, 
during  which  month  the  results  after  storage  were  obtained. 

The  results  are  difficult  to  interpret,  partly  because  very  few  of 
them  have  as  yet  been  obtained  and  partly  because  certain  check 
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experiments  not  yet  made  will  be  neoessaiy.  There  seenxs  to  be  lu 
great  variation  in  carbon  dioxid  content,  but  a  decided  lowering  of 
the  oxygen  content  ss  if  part  of  this  gas  had  been  removed.  It  is 
possible  that  further  work  will  show  that  the  oxygen  in  these  experi- 
ments was  actually  transferred  to  some  oxidizable  substance  in  the 
butter.  It  would  perhaps  be  better  to  defer  conclusions  until  further 
work  shows  that  the  oxygen,  if  it  was  indeed  removed,  went  to  some 
butter  constituent  and  was  not  combined  with  metal  or  diffused  out 
thi;pugh  the  seals.  It  seems  highly  desirable  to  ascertain  definitely 
whether  cans  sealed  by  a  machine  without  the  use  of  solder  are  gas 
tight,  mq^uring  gas  ti^tness  for  a  period  of  several  months. 

The  cans  used  were  heavily  tinned  and  well  lacquered  on  the  inside. 
The  rims  of  the  covers  were  provided  with  a  layer  of  rubber  cement, 
which  was  forced  into  the  seal  by  the  sealing  machine.  Cans  sealed 
in  this  way  are  air  tight  when  tested  under  15  poimds'  pressure  for  a 
short  time. 

The  figures  for  the  composition  of  the  gases  in  butter  obtained  after 
storage  show  that  the  gas  is  apparently  a  mixture  of  carbon  dioxid 
and  air.  At  present  any  conclusion  regarding  the  natiu-e  of  the  gas 
is  premature.  It  seems  almost  certain  that  the  gas  in  these  samples 
was  not  a  noixtiu^  of  carbon  dioxid  and  air  only,  but  that  some  vola^ 
tile  substance  was  mixed  with  it.  The  gas  obtained  from  butter  had 
an  intensely  '* buttery"  odor.  Perhaps  a  more  detailed  analysis  of 
the  gas  will  make  the  results  more  intelligible.  Under  the  circmn- 
stances  it  is  not  safe  to  assume  that  the  figures  for  carbon  dioxid 
represent  carbon  dioxid  alone,  for  any  substance  having  an  acid 
character  and  volatile  under  the  conditions  of  the  experiment  would 
probably  be  included  with  the  carbon  dioxid  in  the  potassium 
hydroxid .  absorption.  These  results  show  that  butter  contains 
about  10  per  cent  by  volume  of  gases. 

Overworked  butter  did  not  contain  any  more  aii  than  that  which 
had  been  normally  worked.  For  obvious  reasons  these  results  are 
not  comparable  with  those  obtained  by  ovefworking  small  amounts 
of  butter  with  a  spatula.*  It  may,  however,  be  significant  that  the 
decrease  in  oxygen  as  shown  in  Table  8  was  about  50  per  cent  greater 
in  the  overworked  sample,  IB,  than  in  any  other. 

THE  BPPECT  OP  METALS  ON  BUTTER. 
EARLIER  INVESTIGATIONS. 

The  influence  of  metals  on  the  changes  in  butter  has  received  some 
attention,  although  most  of  the  experiments  along  this  line  have  not 
included  storage  butters.    In    1902   Henzold'  found   butter   with 

1  Rogers,  L.  A.    Fishy  flavor  in  butter.    United  States  Department  of  Agriculture,  Bureau  of  Animal 
£adustry,  Circular  140.    Washington,  1909. 
>  Hencold,  Ottomar.    Bittera  Butter.    Milcb-Zeitung,  voL  31,  no.  52,  pp.  822-823,  Leipzig,  Dec.  27, 1962. 
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a  bitter  astring^it  taste,  which  he  concluded  was  caused  by  iroxi  in  the 
salt.  He  made  butter  from  pasteurized  cream,  to  which  salt  con- 
taining 0.05  to  0.1  per  cent  iron  oxid  was  added.  The  butter 
made,  using  this  salt,  had  a  decidedly  bitter  taste.  By  elimination 
and  control  of  conditions,  the  iron  was  found  to  be  the  factor  influ- 
encing this  taste. 

L.  Marcas  ^  showed  the  effect  of  holding  milk  and  cream  in  rusted 
cans  for  from  2  to  46  houn^  and  making  butter  from  the  cream 
treated  in  this  manner.  He  determined  the  amoimt  of  iron  in  the 
milk,  skim  milk,  cream,  butter,  and  buttermilk,  holding  part  in  a 
clean  can  and  the  other  in  a  rusted  can  for  comparison.  He  foxmd  in 
all  cases  a  bitter,  astringent  taste  and  bad  odor  in  butter  made  from 
milk  held  in  rusted  cans,  while  the  butter  made  from  the  milk  held  in 
clean  cans  was  of  good  quality.  He  concluded  that  the  milk  coming 
in  contact  with  the  iron  rust  forms  iron  lactate  from  the  iron  oxid  and 
that  it  is  the  lactate  which  causes  the  bitter  taste.  This  solvent 
action  he  found  to  be  especially  active  in  cieam,  owing  to  its  acidity. 
He  found  that  cream  with  a  normal  iron  content  of  0.005  parts  per 
1,000  would  increase  to  0.240  by  22  hours'  contact  with  a  rusted  can 
and  to  0.270  by  46  hours'  contact.  Butter  made  from  the  cream 
containing  0.240  parts  per  1,000  contained  0.080  parts  of  iron  per 
1,000,  while  butter  made  from  cream  containing  0.270  parts  per  1,000, 
contained  0.134  parts  of  iron  per  1,000. 

Hoft '  in  1909  added  iron  salts  (ferrous  ammonium  sulphate  and 
iron  lactate)  to  cream,  allowed  the  cream  to  stand  up  to  22  hours, 
made  butter,  scored  it  for  physical  changes,  and  made  qualitative 
tests  for  iron  in  the  butter.  He  added  iron  in  quantities  ranging  from 
2  parts  per  1,000,000  to  33  parts  per  1,000,000.  He  published  results 
of  only  eight  tests,  which  showed  in  most  cases  an  oily  metaUic  taste 
in  the  butter  and  in  which  the  presence  of  iron  in  the  curd  solution 
was  determined  with  potassium  sulphocyanid.  He,  however,  cau- 
tioned against  definite  conclusions,  as  he  had  not  decided  that  the 
change  was  due  to  iron  unconditionally.  He  found  that  small 
amounts  of  iron  acting  for  a  long  time  caused  more  effect  than  large 
quantities  of  iron  for  a  short  time. 

In  1911  the  Molkerei-Zeitung '  published  some  work  on  the  effect 
on  butter  of  washing  it  with  water  containing  9  to  15  milligrams  iron 
per  liter.  This  caused  the  butter  to  have  a  metallic,  oily,  tallowy 
taste.  The  butter  when  washed  with  water  from  which  the  iron  had 
been  removed  by  oxidation  and  filtration  did  not  show  the  faults 

1  Iftfcaa,  L.,  and  Huyge,  C.    Inflnenoe  de  la  roaille  sur  la  quality  da  beuire.    L'Industrie  Laitl^, 
vcH,  30,  no.  16,  pp.  187-188.    Paris,  Apr.  16, 1906. 

<  H5ft,  Dr.    Kann  man  aus  dem  cbemiscben  Nachweia  vim  Eisen  in  der  Buttw  aul  eine  QaaUt&tsver- 
mindernng  der  Batter  darch  das  Eisesi  aefaUeasen?    Milchwirtschaftliches  CentnUblatt,  vol.  5,  no.  6,  pp 
260-362.    Leipeig,  June,  1900. 

*  EnteiflBnnngBanlage  fOr  MolkereiwaaBer.    Holkeni-Zeitong,  vol.  25,  no.  58,  pp.  1006-1096.    Hildesheim, 
July  28, 1911. 
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mentioned.  It  was  also  found  that  holding  cream  in  rusted  vessels 
caused  this  oily,  metallic  taste. 

Kooper,*  in  1911  did  some  work  to  show  that  washing  butter 
with  water  containing  pure  metallic  iron  would  not,  in  quantities  up 
to  36  milligrams  per  liter,  cause  any  noticeable  changes  in  the  quality 
of  the  butter,  but  that  the  changes  that  took  place  were  caused  by 
othei  substances  in  the  water  together  with  the  iron.  He  is  of  the 
opinion  that  water  containing  a  high  percentage  of  iron  is  very  likely 
to  contain  H^S  or  nitrous  acid,  which  would  be  more  likely  to  cause 
the  changes  and  defects  in  the  butter  than  the  iron  itself.  Kooper 
used  a  saccharated  iron  carbonate  in  his  work.  He  says,  however, 
that  a  change  of  the  iron  to  lactate  is  caused  by  contact  of  high  acid 
cream  with  iron,  and  this  will  produce  the  oily  and  metallic  flavors. 
According  to  Kooper  the  iron  taken  up  depends  on  the  length  of  time 
of  contact  and  the  acidity  of  the  cream.  By  adding  rusted  nails  or 
pidverized  iron  rust  to  the  cream  before  ripening  and  allowing  the 
cream  to  ripen  in  contact  with  the  iron  rust  he  foimd  the  cream  to  be 
changed  to  a  grayish  color  and  showing  defects  in  odor  and  taste. 
He  also  showed  that  the  washing  tended  to  take  some  of  the  iron  from 
the  butter. 

A  summary  of  the  preceding  work,  then,  shows  that  some  investi- 
gators think  the  iron  in  wash  water  (9  to  15  milligrams  per  liter)  is 
responsible  for  the  changes  in  butter,  while  others  do  not  think  the 
iron  alone  (up  to  36  milligrams  per  liter)  will  cause  the  changes.  All 
seem  to  agree  that  the  contact  of  acid  cream  will  take  up  iron  from 
rusted  containers,  change  it  to  a  lactate,  and  produce  butter  of  poor 
flavor. 

In  order  to  see  whether  butter  containing  iron  would  change  more 
in  storage  than  clean  butter,  it  became  necessary  to  make  butter 
which  contained  no  impurity  or  foreign  matter  other  than  iron  and 
also  to  make  a  control  butter  containing  no  foreign  material  and 
free  from  iron. 

Anyone  familiar  with  creamery  methods  will  readily  see  that  to 
make  butter  free  from  contact  with  iron  would  require  careful  super- 
vision of  the  cream  from  the  time  of  milking  to  the  making  of  the 
butter.  In  order  to  do  this,  the  cream  was  all  selected  from  farmers 
who  were  careful  in  the  handling  of  the  cream  and  whose  cans  were 
free  from  rust,  as  this  is  the  first  opportunity  for  contact  with  iron. 
The  cream  was,  in  most  cases,  pasteurized  in  a  Jensen  flash  pasteur- 
izer at  75°  C.  This  was  carefully  cleaned.  The  cream  was  cooled, 
weighed,  and  then  ripened  in  enamel-lined  tanks  free  from  iron. 
These  tanks  were  made  especially  for  this  work  to  eliminate  any 
chance  for  contact  with  iron  during  ripening,  at  which  time,  owing 

1  Kooper,  W.  D.    1st  der  Eiaengebalt  des  Wassera  von  Einfluss  auf  die  Qoalitftt  der  Butter?    Mllch- 
ZeituDg,  vol.  40,  no.  29,  pp.  28&-287.    Leipdg,  July  22,  1911. 
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to  the  acidity  of  the  cream,  the  cream  would  be  most  likely  to  attack 
and  dissolve  the  iron.  A  pure  culture  starter  was  used,  the  same 
precautions  in  regard  to  metals  being  taken  in  the  preparation  of  the 
starter.  After  pasteurizing,  the  cream  was  divided  into  two  portions, 
each  being  put  into  an  enamel-lined  tank  for  ripening.  The  cream 
was  cooled  by  running  brine  through  tinned  copper  coils  so  suspended 
in  the  vats  that  they  could  also  be  used  for  stirring  and  mixing. 
The  cream  in  one  vat  was  held  under  normal  conditions  and  free 
from  iron.  To  the  cream  in  the  second  vat  there  were  added  known 
amounts  of  iron.  Both  ferrous  sulfate  and  ferrous  lactate  were 
used  in  this  work.  This  iron  was  added  in  amounts  varying  from 
1  to  500  parts  of  iron  per  million  of  cream  (or  1  to  500  milligrams  of 
iron  in  a  kilo  of  cream).  The  two  vats  of  cream  were  then  ripened 
under  like  conditions  and  churned  at  the  same  time  in  the  Disbrow 
combined  chums  and  workers  (B2,  of  50  gallons  capacity).  These 
chums  were  shipped  to  Troy,  Pa.,  from  Albert  Lea,  Minn.,  in  the 
spring  of  1911  and  were  exposed  for  some  time.  Before  using  at 
Troy  they  were  taken  apart,  scraped,  sandpapered,  and  thoroughly 
cleaned,  though  in  spite  of  this  one  iron  plate  at  the  side  showed 
rust  which  was  exposed  to  the  cream.  The  butters  were  worked 
the  same  amount,  salted  the  same,  and  washed  with  the  same  amount 
of  water  and  the  same  number  of  revolutions  in  wash  water.  This 
was  considered  an  essential  point,  as  Kooper  found  that  butter  that 
was  washed  and  worked  held  less  iron  than  that  which  was  worked 
without  washing.  The  butters  were  then  carefully  packed  in  glass 
jars,  with  glass  tops,  to  avoid  any  contact  with  metals,  and  placed  in 
storage.  The  butters  made  at  Albert  Lea,  Minn.,  were  scored  about 
a  week  after  making  and  again  after  three  months'  storage  at  10^  F. 
This  butter  was  scored  by  J.  B.  Neumann,  J.  C.  Joslin,  P.  H.  Keiffer, 
and  the  Fox  River  Butter  Co.,  none  of  whom  were  familiar  with  the 
history  of  the  butter.  As  these  butters  were  shipped  to  several  cities, 
it  was  impossible  to  get  scores  on  the  day  the  butters  were  made, 
the  time  usually  approximating  one  week. 

The  butter  made  at  Troy,  Pa.,  was  scored  by  Mr.  Fryhofer  and 
Mr.  Smarzo,  of  New  York  City,  after  from  two  to  four  days,  again 
after  about  a  month,  and  again  after  about  three  months'  storage  at 
from  6°  to  10^  F.  By  comparison  of  the  scores  of  the  control  butters 
and  those  to  which  iron  had  been  added  at  the  different  intervals  the 
effect  of  the  iron  on  the  quality  of  the  butter  was  determined  by  the 
score  for  flavor,  aroma,  and  body. 

In  order  to  determine  the  relation  between  the  amount  of  iron 
present  in  the  butter  and  the  deterioration  of  the  butter,  it  became 
necessary  to  know  the  amount  of  iron  present,  as  well  as  the  changes 
shown  by  the  scores. 
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The  very  small  amount  of  iron  present  in  normal  butter  (averaging 
1.33  milligrams  per  kilo  for  10  samples  from  Troy  Creamery  Co.) 
necessitated  the  use  of  a  very  delicate  method.  The  colorimetric 
method  for  iron  with  potassimn  sulphocyanid  is,  according  to  Neu- 
mann/ so  delicate  as  to  show  1  part  of  iron  in  1,600,000  parts  of  water. 
This  method  was  employed  for  the  determination  of  the  iron. 

METHOD  OF  ANALYSIS. 

The  method  of  analysis  used  is  as  follows:  About  500  grams  of 
butter  are  melted  and  the  clear  supernatant  fat  separated  from  the 
curd  solution.  At  first  the  fat  was  disregarded  and  only  the  curd 
solution  used  for  analysis.  Later  the  fat,  too,  was  analyzed  and 
found  to  take  up  approximately  10  per  cent  of  the  total  iron  in  the 
butter,  so  that  in  all  later  work  the  fat  and  curd  were  both  analyzed 
for  iron  content.  The  curd  solution  is  evaporated  almost  to  dryness, 
the  remaining  fat  burned  off,  and  then  ashed  at  a  low  heat.  The  fat, 
by  heating  to  its  ignition  point,  will  ignite  and  bum;  the  residue  con- 
taining some  small  pieces  of  curd  which  remained  in  the  fat  is  ashed. 
This  ashy  when  total  iron  is  wanted,  is  added  to  the  ashed  curd  and  the 
whole  extracted  with  hot  dilute  hydrochloric  acid  and  filtered  into 
a  graduated  300  cubic  centimeter  flask.  It  may  be  necessary  to 
extract  several  times,  and  perhaps  even  bum  the  filter  and  residue 
and  again  extract  in  order  to  be  svire  to  get  out  all  the  iron.  In 
order  to  avoid  any  contamination  with  iron,  this  process  of  ashing  is 
carried  out  in  platinum  dishes  and  a  platinum  spatula  used  in  stirring 
or  scraping  the  ash  from  the  dish.  These  separate  extracts  and 
washings  are  all  filtered  into  the  same  volumetric  flask  and  diluted 
to  300  cubic  centimeters  with  iron-free  distilled  water.  This  solution 
is  then  oxidized  to  have  all  iron  in  the  ferric  condition  and  an  aliquot 
portion  (from  0.5  to  10  cubic  centimeters,  dependiiig  on  the  iron 
present  in  the  solution)  transferred  to  a  50  cubic  centimeter  Nessler 
tube.  Then  5  cubic  centimeters  of  a  10  per  cent  solution  of  potassium 
sulphocyanid  are  added  and  the  whole  dUuted  to  50  cubic  centimeters 
with  distilled  water.  These  samples  are  then  compared  with  a  set  of 
standards  made  by  using  known  amounts  of  a  solution  containing 
0.0001  gram  iron  per  cubic  centimeter  and  made  up  to  50  cubic 
centimeters  in  the  same  way  as  the  unknown.  These  standards  fade 
on  standing,  so  they  should  be  compared  shortly  after  the  standards 
and  unknowns  are  made.  The  results  are  calculated  to  parts  per 
million  (milligrams  per  Idlo). 

By  such  an  analysis  the  actual  amount  of  iron  in  the  butter  samples 
is  determined.     In  most  cases  the  iron  was  added  to  the  cream,  and 

1  Neumaim,  B.    Die  Orenzen  der  Empfindlichkelt  verachiedener  Reactlonen  auf  Ifetalle.    Chemlker- 
Zeltang,  yoL  20,  no.  70,  pp.  763-764.   Gothen,  Sept.  30, 1806. 


THE  EFFECT  OF  METALS  ON  BUTTER.  43 

although  the  conditions  were  kept  as  nearly  alike  as  possible,  still 
a  difference  in  the  consistency  of  the  butter  when  washed,  or  the 
thoroughness  and  length  of  the  draining  and  washing  would  make  a 
difference  in  the  amount  of  iron  retained  in  the  butter. 

Notwithstanding  the  fact  that  care  was  taken  to  get  the  best  possi- 
ble cream,  the  iron  content  can  not  be  expected  to  be  so  low  as  in 
cases  where  the  milk  is  drawn  into  glass  vessels  and  that  portion 
used  for  analysis.  The  normal  creams  for  about  34  samples  had 
an  average  iron  content  of  1.53  milligrams  per  kilo,  with  a  maximum 
of  3.8  and  a  minimum  of  0.45.  Only  6  samples  showed  over  2 
milligrams  per  kilo.  These  samples  were  taken,  some  at  Albert  Lea, 
Minn.,  some  at  Troy,  Pa.,  and  some  at  Washington,  D.  C. 

Relation  of  iron  in  butter  to  iron  in  the  cream. — Kooper,*  in  his 
investigations  found  that  by  washing  and  working  butter  it  would 
lose  some  of  its  iron  content.  In  this  work,  although  care  was  taken 
to  add  the  same  relative  amount  of  wash  water  and  to  work  and 
wash  the  butter  with  the  same  number  of  revolutions,  the  iron  found 
in  the  butter  did  not  show  any  definite  relation  to  the  amount  of  iron 
added  to  the  cream.  In  the  first  series  of  experiments  analyses  were 
made  of  the  cream,  butter,  buttermilk,  and  wash  water  in  an  effort 
to  determine  whether  there  was  any  definite  relation  between  the 
amount  of  metal  added  to  the  cream  and  that  found  in  the  butter, 
buttermilk,  and  wash  water,  but,  as  will  be  seen  by  the  following  table, 
there  was  no  uniformity  in  the  results.  The  analyses  were  made  on 
samples  of  about  500  grams  and  calculated  to  milligrams  per  kilo. 
The  total  amount  of  butter,  buttermilk,  and  wash  water  were  not 
weighed  accurately,  and  so  the  total  weights  of  iron  in  the  table  are 
only  approximated.  In  the  following  results  the  total  approximated 
milligrams  of  iron  in  butter,  buttermilk,  and  wash  water  have  been 
shown,  as  well  as  the  percentage  return  of  iron  in  each  of  these.  A 
percentage  comparison,  however,  unless  based  on  the  same  amount 
of  cream  (of  same  fat  content),  butter,  buttermilk,  and  wash  water, 
and  to  the  cream  of  which  the  same  amount  of  iron  has  been  added 
in  each  case,  really  does  not  enable  us  to  draw  any  definite  conclu- 
sions. If  the  amount  of  iron  added  were  small,  a  small  variation  in 
the  amount  returned  would  make  a  very  much  larger  percentage 
difference  than  if  the  same  variation  were  shown  on  a  larger  addition 
of  iron.  This  would  be  especially  marked  on  controls,  the  cream  of 
which  would  have  from  1  to  2  milligrams  of  iron  per  kilo,  while  the 
butter  in  controls,  however  carefully  made,  would  show  as  much  or  in 
most  cases  more  than  the  cream,  to  say  nothing  of  the  amount  of  iron 
found  in  the  buttermilk  and  wash  water.     The  possible  error  of 

iKooper.W.  D.    Locdt. 
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sampling  when  working  on  these  small  amounts  also  tends  to  mini- 
mize the  value  of  the  percentage  relations. 

Following  are  some  of  the  results  as  found,  the  milligrams  per  kilo 
l)eing  accurate  but  the  total  weights  of  iron  only  approximated: 

Table  9. — Relation  between  iron  added  to  cream  and  the  ironjoundin  buttery  buttermilk , 

and  wash  water. 


Batter 
No. 

Cream. 

Batter. 

Battermilk. 

Wash  water. 

Iron 
added. 

Total 

Iron 

added. 

Iron 
foand. 

Total 
iron. 

Total 

iron 

found. 

Per- 

oentage 

of  added 

iron. 

Total 
iron. 

Per- 
centage 

of 

added 

iron. 

Iron 
found. 

Total 
iron. 

Per- 
centage 
of  added 

iron. 

8 
13 
19 
27 
38 
81 
51 
^55 
43 
85 

Mm, 

per  Kilo. 

1,000 

500 

2U0 

100 

50 

50 

20 

20 

III 

2,mb 
i,3iao 

9,613.0 

4,806.0 

2,296.0 

2,269.0 

862.0 

862.0 

40.0 

103.2 

Mm. 

perlUo. 

180.90 

84.00 

29.40 

11.40 

4.29 

15.60 

7.78 

&60 

3.03 

2.22 

iS' 
77 

402 

140 
66 

212 
85 

112 
33 
39 

Per 

eetU. 

6.8 

5.9 

4.2 

2.9 

2.8 

9.3 

'      9.9 

13.0 

82.5 

37.8 

perhio, 

1,189.00 

5ia20 

60.60 

61.20 

24.10 

39.40 

8.80 

1&90 

2.17 

1.73 

2,3fo.O 
962.0 

2,554.0 

2,252.0 
914.0 

1,253.0 

304.0 

605.0 

58.7 

75.0 

Per 
cetitm 
84.40 
73.40 
26.57 
46.85 
39.80 
55.22 
85.27 
70.20 
146.30 
72.70 

M08. 

per  mo. 

17.70 

36.40 

02.60 

2.90 

15.60 

1.20 

.40 

7.20 

1.44 

.97 

Mge, 

35 

73 

4,222 

137 

711 

27 

10 

164 

33 

22 

Percent. 

1.30 

5.60 

42.93 

2.90 

30.97 

1.20 

1.20 

23.96 

82.50 

21.30 

1  Iron  in  contact  twenty  minutes.  *  Control.    Found  1  milligram  per  kilo. 

a  Control.    Found  1.96  milligrams  per  kilo. 

Although  from  i^ese  results  no  definite  relationship  can  be  stated 
between  the  amount  of  iron  added  to  the  cream  and  the  amount  of 
iron  found  in  the  butter,  buttermilk,  and  wash  water,  yet  in  a  general 
way  it  might  be  stated  that  a  relatively  small  part  of  the  iron  goes 
into  the  butter  as  compared  with  the  buttermilk,  which  seems  to  take 
most  of  the  iron,  and  in  which  the  presence  of  a  flavor  due  to  the  iron 
was  most  noticeable. 

Distribution  of  iron  between  fat  and  curd  aoludon. — When  this  work 
was  first  started  it  was  thought  that  the  amounts  of  iron  taken  up  by 
the  fat  of  the  butter  were  negligible,  and  so  in  the  analyses  of  butter 
the  curd  solution  only  was  used  for  analysis.  Later  analyses  were 
made  of  the  fat  as  well  as  the  curd  solution  on  22  samples  of  butter 
made  at  Troy,  Pa.,  during  the  summer  of  1911,  with  the  following 
results,  basing  the  fat  content  in  butter  at  80  per  cent,  since  all  the 
fat  was  not  separated  from  the  curd  solution  and  the  fat  contained 
small  particles  of  curd.  The  fat  was  not  filtered,  and  so  in  some 
instances  contained  small  particles  of  curd,  which  may  account  for  a 
variance  in  iron  content  of  the  fat. 


THE  EFFECT  OF   METALS  ON   BUTTER. 


Table  10. — Irtm  content  of  butter^  curd,  and  Jot. 


45 


Iron 
added  to 

Total 

Percent- 

Percent- 

Butter 

iron 

age  of 

age  of 

Iron  in 

Iron  in 

No. 

found  in 

total  iron 

total  iron 

&t. 

curd. 

oreftiiLi 

butter. 

Iniiat. 

in  curd. 

%r 

^.^ 

Percent, 

Percent, 

1S^!^ 

""Gio^ 

130 

0 

6.64 

7.90 

92.10 

a66 

30.50 

122 

20 

26.60 

22.70 

87.30 

7.27 

08.80 

126 

0 

6u93 

9.40 

oaoo 

.82 

31.32 

127 

10 

10.90 

3.26 

96.75 

.46 

63.18 

133 

0 

0.11 

4.20 

96.80 

.48 

43.64 

134 

6 

7.20 

10.60 

89.50 

.96 

32.26 

140 

0 

8.24 

8.40 

91.60 

.87 

41.38 

142 

2 

7.40 

12.00 

88.00 

1.11 

32.66 

148 

0 

7.66 

12.00 

88.00 

1.13 

33.27 

160 

1 

8.79 

10.70 

89.30 

1.18 

39.28 

167 

0 

6.46 

16.fi0 

84.50 

1.06 

23.01 

150 

0 

6.00 

32.40 

67.60 

2.06 

17.21 

164 

0 

4.62 

27.fi0 

72.50 

1.50 

16.76 

166 

0 

6.71 

17.90 

82.10 

1.28 

23.43 

171 

0 

4.04 

19.60 

80.40 

.99 

16.22 

173 

0 

7.76 

13.10 

86.90 

1.27 

33.70 

103 

0 

4.78 

9.39 

90.61 

.56 

21.73 

104 

0) 

6.33 

7.44 

92.56 

.50 

29.29 

201 

0 

6.77 

8.03 

91.97 

.68 

31.11 

203 

(•) 

.6.93 

laoo 

90.00 

.89 

31.21 

206 

0 

6.18 

8.91 

91.19 

.58 

23.61 

207 

(") 

9.11 

7.09 

92.31 

.88 

42.07 

1  Rusted  can. 


*  Iron  strip. 


In  this  table,  as  in  any  table  of  this  kind,  the  percentage  relation 
is  relatively  unimportant.  The  question  of  the  actual  amount  of 
iron  foimd  in  the  fat  is  of  much  greater  importance.  An  average 
of  the  control  butters,  of  which  there  are  14  in  the  above  table,  will 
show  a  content  of  1  milligram  of  iron  per  kilo  of  butter  fat,  ^  very 
small  amoimt  that  could  be  disregarded  in  most  cases.  In  normal 
butters  made  under  proper  conditions  where  the  total  iron  content 
is  about  1.3  milligrams  per  Idlo,  even  a  difference  of  0.5  milligram 
of  iron  in  a  pound  of  butter  would  be  noticeable  on  a  comparative 
basis  between  the  fat  and  curd  content,  but  when  total  iron  is  being 
considered  so  small  an  amount  as  0.5  milligram  of  iron  could  easily 
be  discarded  in  the  calculation. 


THE   INFLUENCE  OF  IKON  ON   FLAVOR. 

The  ideal  condition  for  the  solution  of  this  problem  would  of 
course  be  to  have  butter  made  absolutely  free  from  iron  while  known 
amoimts  of  iron,  or  any  other  metal  as  the  case  might  be,  could  be 
added  to  a  portion  of  the  cream  used  in  making  this  metal-free 
butter.  This  could  be  done  only  by  drawing  the  milk  samples 
directly  into  glass  vessels,  skimming  by  hand,  and  ripening  and 
churning  in  small  quantities  in  glass.  Tins  method  of  procedure 
seemed  impracticable,  since  enough  butter  could  not  be  made  to 
satisfy  all  the  requirements  of  the  experiment.  The  first  few  sam- 
ples were,  however,  churned  in  a  tall  glass  jar  by  shaking  by  hand, 
but  proved  unsatisfactory  in  that  only  a  small  amoimt  could  be 
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made  and  the  butter  was  not  very  good.  Tlie  best  thing  to  be 
done  under  the  circumstances  was  to  control  conditions  as  carefully 
as  possible  and  avoid  any  undue  contact  with  iron  during  the  whole 
process  of  butter  making.  The  method  of  butter  making  has  been 
described.  The  butters  were  scored  for  the  first  time  in  most  cases 
very  shortly  after  making,  being  kept  in  cold  storage  until  scored. 
It  will  be  noticed  that  the  butters  made  at  Albert  Lea,  Mixm.,  were 
scored  by  the  Fox  River  Butter  Co.  and  those  made  at  Troy,  Pa., 
or  Washington,  D.  C,  were  scored  by  Mr.  Fryhofer  and  Mr.  Smarzo, 
of  New  York  City.  For  this  reason  these  scores  are  not  comparable, 
as  in  our  experience  there  is  considerable  variance  between  the 
scores  and  methods  of  scoring  even  among  professional  butter 
scorers.  Following  is  a  table  showing  the  butter  scores.  In  eveiy 
case  the  butter  to  which  metal  has  been  added  is  followed  by  a  con- 
trol butter,  made  at  the  same  time  under  the  same  conditions. 

Table  11. — Influence  of  iron  on  flavor  oj  butter. 


Butter 
No. 


U9 

123 

27 

31 

39 

135 

»47 

M3 

181 

177 

122 

120 
127 
125 

134 
132 


Data  on  ripened,  pasteurised  cream. 


Butter. 


Iron 

content 

normal 

incTBam. 


10.90 

3.84 

3.84 

.40 

.40 

.99 

1.00 

2.76 

2.76 

2.93 

2.90 

2.11 

2.48 

1.64 
1.64 


Iron 

added  as 

ferrous 

sulphate. 


200 

22 

0 

100 

23 

0 

50 

23 

0 

25 

23 

0 

50 

22 

0 

20 

21 

0 

10 

23 

0 

Dura- 
tion of 
con- 
tact. 


a* 


Addlty 

at  time 

of  chunk' 

ing. 


Percent 

cflaetk 

ectd. 


0.53 
.77 
.65 
.73 
.73 
.53 
.51 
.60 
.63 
.57 

.58 

.49 

.48 

.59 
.55 


Iron 
found 

tn 
butter. 


Mge.'per 
kilo. 
29.4 

8.3 

11.4 
2.59 
4.29 
1.70 

26.5 
3.03 

15.6 
2.49 

25.6 

6.64 

10.99 

6.92 

7.20 
9.11 


Age  of 

butter 
when 

Score. 

Remarks. 

scored. 

DtUlM, 

7 
187 

85.0 
85.0 

Veryflshy. 

DO. 

7 

92.5 

Coarse,  unclean. 

187 

85.0 

Veryflshy. 

11 

92.0 

Oily. 

184 

85.0 

Very  flshy. 

11 

93.5 

184 

85.0 

Do. 

14 

86.0 

Fishy. 

179 

85.0 

Veryflshy. 

14 

87.0 

Fishy. 

179 

85.0 

Very  flshy. 
RllghUy  flshy. 

9 

87.0 

175 

85.0 

Very  flshy. 

9 

92.0 

Coarse. 

175 

86.0 

Very  flshy. 

16 

93.5 

Clean. 

160 

88.0 

Ofly,  unclean. 

16 

94.0 

160 

88.0 

Fishy. 

3 
44 

86.0 
85.0 

Very  oily;  wy  flshy. 

J>0. 

116 

82.0 

Rank,  oQy,  and  flshy. 

3 

93.0 

Clean. 

44 

84.5 

Verv  fishy. 

High  add,  dean,  rank  flshy. 

Oily,  metallic,  unclean,  landd. 

116 

80.0 

5 

84.0 

42 

85.0 

Oily,  metallic  very  salvy. 

114 

84.0 

Very  oily,  metallic. 
Ofly,    sUghtty    metaUic,    un- 
clean. 

5 

88.0 

42 

85.0 

Oily,  metallic. 

114 

84.0 

Very  oily,  metallic. 

8 

91.5 

Metallic,  undean. 

89 

86.6 

MetaUic  stale. 

111 

83.0 

Veryflshy. 

S 

94.0 

Very  dean. 

89 

85.5 

Fishy. 

111 

82.0 

Very  high  add,  dean,  very 

1  Butter  made  at  Albert  Lea,  Minn.    Scored  by  Fox  River 
Troy,  Pa, 


Butter  Co.   All  other  butters  made  at 
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Table  11. — InfiueTvce  oj  iron  tm  flavor  of  buUer — ^Continued. 


Data  on  ripened,  pasteurixed  cream. 

Butter. 

Batter 
No. 

Iron 

Iron 

Dura- 

Acidity 

Iron 

Age  of 

content 

added  as 

tion  of 

at  time 

found 

butter 

Score, 

Remarks. 

normal 

fenous 

oonr- 

of  churn- 

in 

when 

in  cream. 

sulphate. 

tac. 

ing. 

butter. 

scored. 

Percent 

Mat.  per 
,     kilo.  ^ 

KS.!^ 

of  lactic 

Moe.ver 

Hottr«. 

acid. 

kilo. 

Dne, 

142'         l.xf 

2 

17 

.60 

7.40 

2 

47 
105 

01.0 
87.0 
88.0 

Slightly  metalUc. 
Very  metallic. 
Oily. 

140           1.17 

0 



.60 

8.24 

2 
47 

04.5 
88.0 

Slightly  metallic  aroma,  dean. 
Metallic. 

106 

83.0 

Very  flshy,  dean,  low  add. 

150 

.45 

1 

20 

.60 

8.70 

6 

86.0 

Very  oily  and  fishy. 
Oily  and  fishy. 

45 

86.0 

1 

103 

85.0 

Do. 

148 

.74 

0 

60 

7.56 

6 

80.0 

MUky 

45 

87.0 

StighUy  flshy. 

Fishy,  clean,  high  add. 

1 

103 

86.0 

103 

20 

5.80 

11 
128 

86.0 
86.0 

Oily,  very  flshy. 
Fishy. 

102 

0 

3.41 

11 
128 

01.5 
01.0 

223 

«10 

20.)            .668 

7.37 

4 

20 

84.0 
84.0 

Undean,  stale,  dly. 

> 

Undean,  metallic,  gritty. 

61 

84.0 

Rank,  metallic. 

??? 

0 

562 

3.30 

4 
20 

86.0 
86.0 

Stale,  oily. 



Very  oily,  metallic. 

i 

61 

86.0 

OUy.mBtallio. 
Do. 

225 

«5 

21              .66 

5.4 

4 
27 

88.0 
86.0 

Very  oily. 

1 
1 

1 

50 

84.0 

Very  metallic  and  flshy. 
Slightly  metallic. 

224 

0 

55 

2.15 

4 
27 

00.0 
87.0 

Undean,  oily. 
OUy,  metallic. 
Tainted,  very  oily. 

1 

50 

87.0 

227 

S2.5 

21 

.60 

3.50 

4 
25 

87.0 
87.0 

Oily. 

57 

85.0 

Very  oily,  metallic 

226 

0 

>■■...*• 

.54 

2.85 

4 
25 

03.0 
03.0 

Good  butter. 

67 

80.0 

Old  flavor. 

220 

.......... 

«2 

lOi 

.44 

1.61 

7 

88.0 

Very  metallic. 

22 

87.0 

Oily,  metallic. 

,              1 

1 

64 

86.0 

Very  metallic. 

228 

0 

42 

1.80 

7 

02.0 

'  Somewhat  oily,  coarse. 



22 

02.0 

54 

88.0 

OUy.  trifle  flshy. 
Good,  dean,  creamy. 

231 

2.00 

M 

20} 

.46 

1.63 

5 

04.0 

1 

20 

03.0 

52 

86.0 

Very  flshy. 

230 

2.73 

0 

52 

1 

2.16 

5 
20 
52 

02.0 
02.0 
88.0 

Somewhat  oily,  coarse. 
Little  flshy. 

1  Butter  made  at  Albert  Lea,  Minn.    Scored  by  Fox  River  Butter  Co.    All  other  butters  made  at 
Pa. 
o  added  as  lactate. 


Troy,  Pa. 
ifroi 


In  Table  11  it  will  be  noticed  that  in  every  instance  on  the  first 
scomg  the  butters  to  which  iron  had  been  added  scored  lower  than 
their  controls.  This  holds  in  most  cases  on  the  second  and  third 
scoring,  the  most  noticeable  feature  being  that  the  butters  to  which 
h'on  has  been  added  show  the  deterioration  much  faster  than  the 
control  butters.  After  the  butters  have  deteriorated  to  a  score  of 
86  or  lower,  the  butter  is  so  poor  that  a  difference  of  a  point  or  two 
in  the  score  really  does  not  indicate  a  very  great  difference  in  the 
quality  of  the  butter.  A  great  many  of  the  butters  became  fishy, 
and  where  both  were  not  scored  fishy  at  the  same  time  it  will  be 
noticed  that  the  control  butter  was  the  last  to  become ' 'fishy,''  though 


48 


CHANGE  IK  FLAVOR  OF  STORAGE  BUTTER. 


in  one  or  two  instances  the  control  was  scored  ** fishy,"  while  the 
other  butter  was  not  marked  fishy  at  all.  A  very  noticeable  feature 
about  these  butters  is  the  production  of  a  very  oily  flavor.  This 
was  present  in  most  amples  that  were  marked  fishy  and  seems  to  be 
a  stepping  stone  to  the  fishy  flavor. 

THE  INFLUENCE  OF  COPPER  ON  FLAVOR.  ' 

In  the  work  on  copper  only  the  physical  changes  will  be  con- 
sidered;  as  considerable  difficulty  was  experienced  in  making  accurate 
determinations  of  the  very  small  amounts  of  copper  present  in  the 
butter. 

These  butters  were  made  in  exactly  the  same  way  as  the  butters 
showing  the  influence  of  iron.  The  cream  was  aU  very  carefully 
handled  to  avoid  contact  with  copper,  and  divided  into  two  portions, 
which  were  treated  in  exactly  the  same  manner,  excepting  that  to 
one-half  of  the  cream,  copper  in-  the  form  of  a  solution  of  copper 
sulfate  or  lactate  was  added  in  amoimts  varying  from  one-haU  to 
20  milligrams  per  kilo  of  cream.  The  cream  was  ripened  and  churned 
and  the  butter  stored  in  glass  jars  without  metal  parts,  or  in  ash 
tubs,  in  1912;  and  scored  at  intervals.  The  changes  in  the  butter 
are  shown  in  the  following  tables: 

Table  12. — Influence  of  copper  on  butter. 


Data  on  ripened  and  pasteur- 
ised cream. 

Butter. 

Butter 
No. 

as  sul- 
fate. 

Duration 

ofoon- 

tact. 

Acidity 
at  churn- 
ing. 

Age  on 
scoring. 

Score. 

Remarks. 

189 
^85 

20 
0 
4 

0 

2 

0 

1 

0 
<6.0 

0 
«2.6 

19 

Per  cent 
0/ lactic 
add. 
0.51 

.60 

.60 

.60 

.56 

.52 

.51 

.50 

.36 

.385 

.415 

Payt. 

14 

158 

14 

158 

5 
38 
96 

5 

38 
96 

2 
40 
98 

2 
40 
98 

4 

42 

100 

4 

42 

100 

3 
18 
50 

3 
18 
50 

2 
15 
47 

90.0 
85.0 
92.5 
86.0 
85.0 
85.0 
80.0 
91.0 
90.0 
86.0 
87.0 
84.0 
80.0 
93.0 
87.0 
87.0 
85.0 
84.0 
80.0 
91.0 
86.0 
82.0 
86.0 
84.0 
84.0 
92.0 
89.0 
89.0 
88.0 
87.0 
84.0 

Veryflshy. 

Do. 
Oily. 

Very  fishy. 
Oily,  fishy,  unclean. 
Oily,  fishy. 

Rank,  fishy,  clean,  high  acid. 
Oily. 

Sli^t  metalUc. 
Fishy,  dean,  low  acid. 
Oily,  unclean,  rancid. 
Very  oily,  fishy. 

Rank,  oily  and  fishy,  unclean,  low  add. 
SUght  metaUic. 
Oily,  metallic. 

OUy!                                       ^ 
Oily,  metallic,  stale. 
Very  oily  and  fishy. 
Rank,  fishy,  undean,  low  add. 
Slight  oily. 
Very  oily,  fishy. 

Very  oily,  fishy,  clean,  high  acid. 
Very  oily  and  metallic. 
Oily  and  fishy. 
Rank,  fishy. 

Somewhat  oily  and  coarse. 
Oily. 

Oldfiavor.     ^ 
Oily  and  metallic. 
Unclean,  oily. 
Rank,  fishy. 

»173 
«171 

22 

'166 

•164 

>159 

3  157 

*235 
*234 

19 

«237 

19 

1  Butter  made  at  Albert  Lea,  Minn.,  1910. 
>  Butter  made  at  Troy,  Pa.,  1911. 


*  Butter  made  at  Troy,  Pa.,  1912. 

*  Copper  added  in  form  of  copper  lactato. 
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Data  on  ripened  and  pasteur- 
ised cream. 

Butter. 

Butter 

No. 

Copper 
added 
as  sul- 
fate. 

Duration 
of  con- 
tact 

Acidity 

at  churn- 
ing. 

Ageuu 
scoring. 

Score. 

Remarks. 

1236 

Mg*.  per 
kilo: 
0 

U.5 

0 

M.O 
0 

H0ttT8. 

PereerU 
o/laetie 
odd. 
.58 

.378 

.355 

.40 
.34 

2 
15 
47 

2 
13 
45 

2 
13 
45 

3 
43 

3 
43 

92.0 
91.0 
86.0 
92.0 
92.0 
86JD 
94.0 
94.0 
93.0 
88.0 
87.0 
91.0 
91.0 

Trifle  coaiw,  slightly  tainted. 

Slight  unclean. 

TaUowy  flavor. 

Slight  oily  and  metallic. 

Slight  oUy. 

Metallic  and  flsby. 

Good  and  deeui. 

1239 
1238 

m 

1241 
1240 

21 

Clean. 

Very  oily  and  metallic. 

MetaUlc. 

Trifle  metallic. 

Old  flavor. 

1  Butter  made  at  Troy,  Pa.,  1912. 


s  Copper  added  in  form  of  copper  lactate. 


From  Table  12  it  will  be  seen  that  in  every  instance  the  scores  on 
the  control  butters  were  better  than  the  scores  on  the  butter  made 
from  ^ream  to  which  copper  had  been  added,  even  in  the  small 
amount  of  1  milligram  of  copper  per  kilo  of  cream. 

Unfortunately,  the  "Remarks"  on  the  butter  do  not  show  any 
definite  characteristics  that  can  be  attributed  to  the  copper.  The 
control  butters,  too,  show  deterioration  in  storage,  though  they  seem 
to  keep  better  than  the  butters  made  from  cream  to  which  the  copper 
was  added.  On  the  second  scoring  after  40  days  in  storage  most  of 
the  butter  to  which  copper  had  been  added  showed  a  fishy  flavor 
and  after  three  months  a  very  decided  rank,  fishy  flavor  that  was 
unmistakable,  and  was  called  by  scorers  decided  mackerel  flavor. 
These  butters  were  all  made  during  the  sunmier  months. 

An  experiment  to  show  the  effect  of  having  the  cream  stand  in 
contact  with  a  small  surface  of  copper  for  a  long  time  was  made  by 
having  a  vat  of  cream  ripened  in  contact  with  two  sheets  of  bright 
copper  each  2  by  6  inches.  The  sheets  were  placed  on  edge  in  the 
bottom  of  the  vat  during  the  process  of  ripening.  The  result  of  this 
is  shown  in  the  following  table: 

Table  13. — Effect  o]  copper  on  flavor  of  butter. 


Butter 
No. 

Cream. 

Duration 
of  con- 
tact. 

Age. 

Score. 

Remarks. 

Normal 
acidity. 

Churning 
acidity." 

250 

Percent, 
0.17 

.17 

Percent, 
0.356 

.37 

Houre. 

Dart. 

31 

1 
31 

93 
91 
91 
88 

Trifle  old  ilavor. 
Trifle  oily. 
Metallic. 

267 

21 

50 
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The  difference  in  flavor  is  marked  in  the  fresh  butter  but  more 
marked  in  storage  butter. 

Another  experiment  to  show  the  effect  on  the  flavor  of  the  butter, 
by  having  the  cream  come  in  contact  with  a  large  surface  of  copper 
for  a  short  time,  was  made  by  pasteurizing  the  cream  in  two  parts. 
One  part  was  pasteurized  in. a  No.  3  Peerless  pasteurizer,  the  copper 
lining  being  completely  covered  with  tin.  The  second  part  was 
pasteurized  in  a  No.  5  Peerless  pasteurizer,  the  tin  coating  of  which 
had  been  worn  off  by  continued  usage,  leaving  the  cream  exposed 
to  a  surface  of  copper  during  the  process  of  pasteurization.  The 
duration  of  contact  with  the  copper  was  only  a  few  seconds,  though 
the  surface  was  quite  large.  The  temperature  of  pasteurization  was 
about  60°  C. 

The  results  of  this  experiment  are  found  in  the  following  table: 

Table  14. — Comparison  of  the  effect  oj  tin  and  copper  on  the  flavor  of  butter. 


Butter 
No. 

• 

Pasteur- 
iser. 

Acidity 
of  cream 
before 
pasteur- 
Ixation. 

Temper- 
ature of 
pasteui^ 
uation.- 

Acidity 

at 
churn- 
ing. 

Age. 

Score. 

Remarks. 

246 
246 
252 
253 

Tin 

Copper.. 

Tin 

Copper.. 

Per  cent. 
0.18 

.18 

.19 

.19 

•  C. 
60 

60 

60 

60 

Per  cent, 
0.55 

.50 

.52 

.47 

2 

39 

2 

39 

1 

33 

1 
33 

91 
92 
87 
85 
92 
89 
89 
84 

Slight  oUy. 

Good. 

Oily,  stale,  metallic. 

Very  fishy. 

Slight  oily. 

bo. 

Very  fishy. 

These  two  experiments  show  very  plainly  the  deteriorating  effect 
of  poorly  tinned  pasteurizers,  for  aside  from  this  all  other  conditions 
were  exactly  alike  during  the  complete  process  of  butter  manufac- 
ture. Considering  the  short  duration  of  contact,  the  change  in  the 
flavor  of  the  butter  even  when  fresh  is  very  marked.  The  effect  of 
copper  even  in  small  amounts  seems  to  cause  more  marked  changes 
in  butter  flavor  than  iron,  with  a  marked  tendency  toward  a  fishy 
flavor  in  storage. 

CONTAMINATION  OF   CREAM   WITH   IRON  FROM   CONTAINERS. 

For  this  experiment  a  lot  of  cream  was  divided  into  two  portions, 
one  portion  being  held  in  a  clean  can  and  the  other  in  a  can  which 
showed  many  rust  spots.  This  was  the  most  rusted  of  all  the  cans 
that  were  used  for  the  handling  of  cream  at  the  Troy  Creamery  Co., 
of  Troy,  Pa.  However,  this  showed  only  small  spots  of  rust  on  the 
bottom  of  the  can.  This  raw  cream  was  ripened  without  the  addition 
of  a  starter  at  room  temperature.  The  temperature,  acidity,  and 
iron  content  are  as  follows: 
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Table  16. — The  absorption  oj  ironjrmn  rusty  can. 
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Ctoancan. 

Rusted  can. 

Drmtlon 
of 

contact. 

Temper- 
ature. 

Acidity. 

Iron 
found. 

Temper- 
ature. 

Acidity. 

Iron 
found. 

Houn. 

•  F. 

PereeiU. 

Mm.  p.  kilo. 
V.045 

'  F. 

Per  cent. 

Mgt.p.kilo. 
1.046 

0 

66 

0.114 

66 

0.114 

2 

67 

.101 

1.081 

67 

.120 

1.132 

4 

67 

.140 

1.539 

67 

.158 

1.772 

6 

67 

.177 

1.028 

67 

.176 

1.265 

8 

68 

.202 

1.677 

68 

.212 

1.129 

14 

66 

.412 

.792 

66 

.422 

1.627 

21 

66 

.561 

1.062 

66 

.561 

1.459 

26 

64 

.581 

.951 

66 

.568 

1.187 

32 

62 

.634 

1.062 

57 

.634 

1.257 

48 

44 

.632 

1.185 

57 

.638 

2.381 

Butter  m 

ade  f ibm  a 

bo  ve  cream 

Butter  made  from  above  cream  I 

4.78. 

6.33. 

Another  experiment  on  the  same  basis  but  without  the  acidity  of 
the  cream  at  the  various  intervals  gave  the  following  results,  from  a 
cream  having  a  normal  iron  content  of  0.9  milligram  per  kHo  and  an 
acidity  of  0.16  per  cent  lactic  acid. 

Table  16. — Effect  of  rusty  can  on  the  flavor  o]  butter. 


Botttf. 

Iron  in 
butter. 

Cream 
contact 
in  cans. 

Iron 

content  in 

ripened 

cream. 

Churning 
acidity. 

Butter. 

Remarlcs. 

No. 

Age. 

Score. 

m.. 

92 

.     89 

88 
86 

2B9 
260 

Mgs.  p.  kilo. 
1.37 

1.60 

Hour*. 
15 

15 

Mgt.p.kilo. 
4.31 

4.36 

Percent. 
0.51 

.49 

Days. 
19 
29 
19 
29 

Slisfatoilv. 
Trifle  metallic,  oily. 
Oily,  metallic. 
Uncfean,  oily. 

From  Table  15,  it  is  seen,  as  would  be  expected,  that  the  acidity 
of  cream  increases  with  the  length  of  time  it  is  held,  though  there  is 
no  material  diJQPerence  in  the  rate  of  increase  between  the  two  samples. 
The  cream  in  the  rusted  can  does  not  show  any  marked  increase  in 
iron  content  over  that  in  the  clean  can.  The  difficulty  in  getting  an 
accurate  sample  of  the  cream  after  standing  long  enough  to  thicken 
may  account  for  the  variation  from  what  might  have  been  expected. 
At  the  end  of  48  hours  the  cream  from  the  rusted  can  showed  an  iron 
content  of  1.2  parts  per  1,000,000  more  than  the  cream  from  the 
clean  can.  The  butters  made  from  these  creams  checked  very 
closely,  as  the  butter  made  from  the  cream  held  48  hours  ia  the  rusted 
can  showed  1.55  parts  per  1,000,000  more  than  the  butter  made  from 
the  cream  held  48  hours  in  a  clean  can. 

In  another  instance  to  find  whether  cream  on  standing  ia  contact 
with  iron  rust  would  take  up  iron,  a  lot  of  cream  was  divided  into 
four  parts,  each  placed  in  a  clean  can,  and  a  strip  of  rusted  iron  tape 
one-half  iach  wide  and  24  inches  long  (giving  a  surface  of  24  square 
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inches)  was  placed  in  two  of  these  cans.  Two  cans,  one  with  and 
one  without  the  iron,  were  ripened  at  room  temperature  for  21  hours, 
and  two  cans,  one  with  and  one  without  iron,  were  held  in  cold 
storage  at  32^  F.  for  21  hours.  Butter  was  made  from  each  of  these 
four  samples  of  cream.  There  was  no  starter  added  to  this  cream. 
The  cream  from  which  these  four  lots  were  taken  had  acidity  of  .223 
and  iron  content  of  1.25  milligrams  per  tdlo. 

Table  17. — Data  on  cream  ripened  in  contact  with  rut^  iron. 


No. 

Cream. 

Butter. 

TempflT- 
ature. 

Acidity. 

Iron  con- 
tent. 

Butfer 
No. 

Iron  con- 
tent. 

Score. 

1 
12 

3 
t4 

•F. 
32 
32 
66 
66 

0.385 
.368 
.655 
.670 

1.53 

1.81 

.90 

11.32 

1 
2 
3 

4 

Mas.  per 

6.77 
6.98 
5.18 
9.11 

94 
91 
94 
91 

'  In  contact  with  iron  tape. 

From  this  table,  although  it  does  not  show  the  acidity  and  iron 
content  at  intervals  as  in  Table  15,  still  it  shows  here  that  with 
the  development  of  acidity  the  iron  is  taken  up  by  the  cream. 
This  is  very  marked  in  cream  and  butter  No.  4,  the  iron  content 
in  both  being  very  higlf  as  compared  with  their  respective  controls. 
The  effect  of  the  iron  is  also  very  marked  in  the  butter  scores^  the 
controls  (Nos.  1  and  3)  scoring  three  points  higher  than  the  ones  to 
which  the  iron  had  been  added. 

In  the  first  experiment  Mr.  Larson,  superintendent  of  the  Troy 
Creamery  Co.,  said  he  could  taste  the  iron  in  the  cream  after  32 
hours'  contact,  and  in  the  second  experiment  the  cream  in  contact 
with  iron  ripened  at  room  temperature  showed  a  bitter  metallic 
taste. 

In  every  case  the  butter  made  from  cream  which  had  stood  in 
contact  with  iron  rust  showed  a  peculiar  taste  and  was  easily  picked 
out  from  a  lot  of  samples.  The  taste  was,  however,  most  noticeable 
in  the  buttermilk,  to  which  it  gave  a  decided  metallic  taste. 

In  Table  15  the  difference  in  the  amounts  of  iron  found  in  the 
cream  are  very  small,  in  only  one  case  being  more  than  1  milligram 
of  iron  per  kilo  of  cream.  Taking  into  consideration  the  possibility 
of  error  in  sampling  a  very  thick  cream,  these  small  differences  do 
not  seem  to  be  enough  to  warrant  any  definite  conclusions  as  to  the 
absorption  of  iron  by  the  cream.  It  wiU  be  noticed  in  Table  1 1  that 
all  the  control  butters  made  by  us  at  Troy,  Pa.,  have  a  very  high 
iron  content,  as  compared  with  control  butters  made  by  us  at  Albert 
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Lea  or  made  by  the  Troy  Creamwy  Co.  at  Troy.  As  the  wash  water 
was  tested  and  the  cream  did  not  show  a  high  iron  content,  the 
churns  are  the  only  means  whereby  iron  might  be  introduced  into 
the  butter.  Although  these  churns  were  taken  apart  and  scraped, 
sandpapered,  and  thoroughly  cleaned  before  being  used  at  Troy,  it  is 
possible  that  there  were  some  rust  spots  on  the  iron  bolt  heads  and 
plates  coming  in  contact  with  the  cream,  and  that  the  iron  was 
attacked  at  these  points  by  the  high  acid  cream  and  the  iron  taken 
up  by  the  butter.  Unfortunately  the  butter  samples  were  not 
analyzed  at  the  time  the  butter  was  made,  otherwise  this  error 
would  have  been  noticed  in  the  chemical  results  and  corrected  before 
continuing  the  work.  The  high  iron  content  of  the  butters  made  at 
Troy,  Pa.,  seemed  to  show  conclusively  that  there  was  an  error  by 
contamination  at  some  step  in  the  process  of  butter  making.  The 
only  check  possible  on  the  butter  itself  was  by  analysis  of  the  butter 
made  by  the  Troy  Creamery  Co.  in  their  large  chum.  In  most  cases 
the  cream  for  the  experimental  butter  was  selected  from  the  best 
cream  brought  to  the  creamery,  while  the  cream  used  in  the  creamery 
proper  was  the  regular  run  of  cream  as  brought  in  by  the  farmers 
and  from  the  several  skimming  stations.  In  this  way  the  butter 
from  the  creamery  proper,  if  the  fault  were  in  the  cream,  should 
show  a  higher  iron  content  than  the  experimental  butter.  The 
cream  used  in  the  experimental  creamery  was  analyzed  for  iron  (in 
most  cases)  at  three  stages;  first,  raw  sweet  cream;  second,  immedi- 
ately after  pasteurizing  (to  determine  whether  there  was  any  iron 
exposed  in  the  pasteurizer  or  cooler),  and,  third,  after  ripening  in  the 
ripening  vats  to  determine  whether  there  was  any  iron  taken  up  in 
the  vats.  The  butter  was  then  analyzed,  thus  giving  the  last  stage  in 
the  process  of  butter  making. 

The  butter  made  in  1912  at  Troy,  Pa.,  was  churned  in  new  No.  5 
Bestov  box  churns,  and  worked  on  a  table  worker,  eliminating 
this  contamination  by  iron  in  the  churn.  The  butter  for  scoring 
was  packed  in  10-pound  ash  butter  tubs  instead  of  glass  jars  in  order 
to  avoid  injuring  the  body  of  the  butter  in  packing. 
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Tablb  18. — inm  ooiU^nt  o/ cream  anif  ooiUroJf. 

PfllUgnuBsperkOo.] 


Batter. 

Raw 
cream. 

PasteoF- 

lied 
creain. 

Raw 

ripened 
cream. 

Fasteoiv 

ised 
ripened 
cream. 

Cardaa 
100  per 
oentof 
batter. 

Card  as 
30  per 
oentof 
batter. 

Fat  as 

80  per 
oentof 
batter. 

120E 
125E 
122E 
140  E 
148  E 
157  E 
164  E 
171  E 
201  E 
205E 

135  T 

136  T 
143  T 

151  T 

152  T 

160  T 

161  T 
167  T 
166  T 

195  T 

196  T 

197  T 

198  T 
«224 
«226 
?228 
S230 
*234 
S236 
«238 
S240 
S246 
»247 
S248 
«252 
«253 
*256 
«257 
>259 
«263 
>264 

2.98 
2.67 
1.64 
1.17 
.74 
1.59 
1.63 
1.44 

6.12 
6.26 
8.73 
7.54 
6.65 
4.60 
3.35 
3.24 
6.23 
4.72 
1.12 
1.16 
1.25 
.96 
1.10 
.80 
1.21 
11.56 
11.31 
11.50 
U.79 
1    .99 
12.35 
2.15 
2.85 
1.89 
2.16 
2.04 
3.16 
3.50 
3.50 
1.95 
1.36 
1.14 
1.41 
1.41 
3.40 
6.63 
1.37 
2.69 
1.45 

30.50 

31.32 

43.64 

41.38 

33.37 

23.01 

16.75 

16.22 

31.11 

23.61 

5.50 

5.81 

6.26 

4.81 

5.07 

4.47 

6.06 

17.77 

16.52 

17.51 

18.96 

14.96 

1 11. 74 

0.66 

.82 

.48 

.87 

1.13 

1.06 

1.50 

.99 

.68 

.58 

2.11 
1.80 
1.19 
.45 
1.47 
1.46 
1.94 
1.25 
1.75 

2.48 

1.49 

1.12 

.55 

1.63 
.90 

, 

. 

, 

2.73 

1 

.94 

2.04 

• 

2.01 
1.14 

J 

1 

1.67 
1.67 

1 

1. 10 
.9 

1 

' 

4.31 
4.35 

* 

E  Butter  made  in  eigperimental  creamerv,  Troy,  Pa.,  1911. 

T  Butter  made  by  Trov  Creamery  Co.,  i911. 

1  Curd  burned  in  pcx'celain. 

>  Butter  made  in  ezp«1mental  creamery,  Troy,  Pa.,  1912. 

Table  18  is  arranged  to  show  the  iron  content  found  in  the  cream 
and  butter  made  in  the  experimental  creamery  and  also,  for  compari- 
son, the  iron  content  of  the  butters  made  by  the  Troy  Creamery  Co. 
In  these  analyses  the  fat  was  disregarded  and  the  iron  found  in  the 
curd  solution  used  as  the  total  iron  in  the  butter.  It  will  be  noticed 
in  the  column,  *^Fat  as  80.  per  cent  of  the  butter"  that  the  iron 
content  averages  0.89  milligram  per  kilo.  As  the  usual  charge  of 
butter  was  500  grams,  the  total  iron  in  fat  would  be  less  than  0.4 
milligram  of  iron,  which  is  a  very  small  and  almost  negligible  quan- 
tity. 

Ten  samples  of  control  butter  made  in  the  experimental  chums 
gave  an  average  iron  content  of  6.74  milligrams  of  iron  per  kilo  of 
butter  using  the  curd  solution  only  and  calculating  as  butter,  while  13 
samples  of  butter  made  by  the  Troy  Creamery  Co.  in  their  large  chum 
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during  the  same  period  showed  an  average  iron  content  of  1.33  milK- 
grams  of  iron  per  kilo  of  butter,  using  curd  solution  only  and  calcu- 
lating as  butter.  The  same  cream,  with  a  possible  advantage  in 
favor  of  the  experimental  cream,  the  same  salt,  and  the  wash  water 
ftomthe  same  source,  were  used  in  the  manufacture  of  both  the  experi- 
mental and  the  Troy  Creamery  Co.'s  butter,  so  that  the  only  point 
of  entry  for  the  increased  iron  content  in  the  experimental  butters 
was  in  the  chums.  This  might  possibly  account  for  the  deterioration 
in  the  control  butters  made  in  the  experimental  creamery  in  191 1,  and 
although  these  results  detract  from  the  results  in  the  other  experiments, 
still  the  value  of  the  evidence  to  show  that  iron  may  be  taken  up  in 
the  churn  is  of  great  importance  to  the  butter  maker.  Rusty  bolt- 
heads,  plates,  or  other  castings  should  be  carefully  guarded  against 
by  the  butter  maker. 

THEORETICAL  CONSIDERATIONS. 

Having  ascertained  definitely,  partly  from  the  empirical  observa- 
tions of  others,  and  partly  from  the  experimental  data  obtained  on 
butter  containing  added  iron,  that  iron  itself  lowers  the  keeping 
quality  of  butter,  it  was  desirable  to  find  out  how  iron  affects  butter. 

That  the  iron  acts  catalyticaljy  in  an  oxidative  reaction  at  once 
suggests  itself.  As  has  been  shown,  butter  made  by  the  usual 
methods  contains  gases  in  the  proportion  of  approximately  10  cubic 
centifneters  in  100  grams  of  butter.  It  seems  possible  that  a  few 
parts  of  iron  per  million  parts  of  butter,  present  in  a  finely  divided, 
colloidal  condition  might  be  able  to  transfer  slowly  some  of  the  in- 
closed oxygen  to  any  one  of  the  oxidizable  substances  present.  It 
is  of  course  well  known  that  in  the  presence  of  a  peroxid  such  as 
hydrogen  peroxid  the  iron  will  rapidly  transfer  oxygen  from  the 
peroxid  to  an  oxidizable  substance.  A  transfer  of  oxygen  such  as 
this  is  often  referred  to  as  peroxidase  action  and  the  substance 
through  which  the  transfer  is  brought  about,  the  colloidal  iron  com- 
pound in  this  case,  is  called  a  peroxidase.  It  is  also  well  known,  at 
least  the  statement  is  often  seen  in  the  literature,  that  peroxidases 
can  transfer  oxygen  only  from  peroxids  and  hence  are  inactive  in  the 
absence  of  peroxids.  Kastle,*  in  discussing  the  mode  of  action  of 
peroxidase,  states:  '^According  to  Bach  and  Chodat '  the  peroxidases 
exert  not  the  slightest  oxidizing  action  in  the  absence  of  the  peroxid." 
It  is  perhaps  to  be  regretted  that  this  statement  was  not  accompanied 
with  another  to  the  effect  that  this  conclusion  follows  from  an  experi- 

1  Kastle.  J.  H.  The  oxidases  and  other  oxygen-catalysts  concerned  in  biological  oxidations.  United 
States  Treasury  Department,  Public  Health  and  Marine-Hospital  Service,  Hygienic  Laboratory,  Bulletin 
50.    Washington,  1910.    Beep.  117. 

s  Bach,  A.,  and  Chodat,  R.  Ueber  Peroxydase.  Berichte  der  Deutschen  Chemischen  GeseUschaft,  voL 
36,  no.  3,  pp.  600-60S.    Berlin,  Feb.  21, 1908. 
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ment  in  which  Bach  and  Chodat  ^  made  observations  on  oxygen  ab- 
sorption for  a  period  of  24  hours.  Bach  and  Chodat,'  in  support  of 
their  contention  that  peroxidases  are  without  action  in  the  absence 
of  peroxids,  quote  the  work  of  Linossier '  which  was  likewise  a  series 
of  observations  on  peroxidase  a<^tion  covering  only  very  short  periods 
of  time.* 

It  may  be  true  that  peroxidases  in  the  presence  of  air  are  inactive 
when  their  activities  are  measiured  for  intervals  of  24  hours.  But  in 
the  case  of  cold-storage  butter,  in  which  iron  and  air  may  interact  for 
several  months,  the  possibility  that  oxidative  action  may  take  place 
is  not  excluded,  in  spite  of  the  fact  that  there  is  at  present  no  reason 
to  suppose  that  peroxids  are  present  in  butter. 

The  experiments  h«^  described  on  the  oxidation  of  lactose  in  milk 
through  the  action  of  iron  salts  are  in  many  respects  similar  to  those 
made  in  recent  years  by  several  investigators  whose  work  throws  some 
light  on  the  subject. 

L5b  and  Pulvermacher '  studied  the  action  of  gaseous  oxygen  and 
of  hydrogen  peroxid  on  dextrose  and  sucrose.  They  used  as  an 
oxidative  agent  a  preparation  made  by  extracting  pig  pancreas  with 
alcohol  and  adding  iron  to  the  alcohol  filtrate.  The  precipitate  of 
iron-pancreatic  material  was  dried  and  used  in  the  experiments.  In 
24  to  48  hours  this  substance  could  oxidize  dextrose  in  aqueous  solution 
either  in  the  presence  of  hydrogen  peroxid  or  by  the  aid  of  a  stream 
of  air  or  oxygen.  Sucrose  was  also  oxidized  by  hydrogen  peroxid 
and  iron-pancreas  powder, ,  but  to  a  much  less  extent.  They  sug- 
gest the  necessity  of  the  inversion  of  the  sugar  before  oxidation  can 
take  place. 

Battelli  and  Stem*  and  Harden  and  MacLean  ^  studied  oxidation 
in  isolated,  hashed  animal  tissues.  These  investigators  used  such 
material  as  hashed  muscle,  suspended  in  water.  The  suspensions 
were  placed  in  a  flask  filled  with  gaseous  oxygen.  The  substance  to 
be  oxidized  was  added  to  the  suspension  and  the  flasks  were  connected 
with  an  apparatus  for  measuring  the  amount  of  oxygen  absorbed. 

According  to  BatteUi  and  Stem,  succinic  acid  is  very  easily  oxidized 
in  a  very  few  hours  under  the  conditions  of  their  experiment.  Harden 
and  MacLean  repeated  some  of  the  experiments  of  Battelli  and  Stem 

1  Bach,  A.,  and  Chodat,  R.    Loc.  cit    See  pp.  604-605. 
s  Bach,  A.,  and  Chodat,  R.    Loc.  cit    See  p.  606. 

s  Linossier,  O.   Contribution  &  T^tude  des  ferments  ozydants.   Comptes  Rendus  Hebdomadaires  des 
stances  de  la  Socl^t^  de  Blologle,  vol.  50,  no.  12,  pp.  373-375.    Paris,  Apr.  1, 1898. 

*  The  reference  to  Linossier  given  by  Bach  and  Qiodat  is  incorrect;  the  reference  by  Xastle  ia  oorract. 

*  L5b,  Walther,  and  Pulvermacher,  Georg.    t^ber  die  oxydative  ZuckerzerstAningunterder  Einwirkang 
von  Organpr&paraten.    Biochemische  Zeitschrift,  vol.  29,  no.  4/5,  pp.  316-346.    Berlin,  Nov.  22, 1910. 

*  Battelli,  F.,  and  Stern,  L.    Die  ozydatlon  der  Bemsteins&uxe  duroh  Tiergewebe.    Bioohemiaohe 
Zeitschrift,  voL  30,  no.  1/2,  pp.  172-194.    Berlin,  Dec.  23, 1910. 

'  Harden,  Arthur,  and  MacLean,  Hugh.    The  oxidation  of  isolated  animal  tissues.    Journal  of  Physiol- 
ogy, voL  43,  no.  1,  pp.  34-45,  Sept  11, 1911. 
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and  found  that  the  oxidation  of  succinic  acid  was  not  as  vigorous  as 
Battelli  and  Stem  had  found. 

There  are  several  reasons  why  the  results  on  peroxidase  action 
obtained  by  one  investigator  might  not  be  the  same  as  those  obtained 
by  another  on  material  intended  to  represent  exactly  the  material  pre- 
viously used.  The  activity  of  peroxidases  is  influenced  by  so  many 
conditions  that  an  exact  reproduction  of  any  particular  mixture  is 
perhaps  more  difficult  than  might  at  first  be  supposed.  Furthermore, 
according  to  Wolff/  the  iron  peroxidase  is  very  specific  in  its  action, 
its  specificity  being  determined  by  the  other  substances  which  may  be 
present.  Certain  iron  salts  or  combinations  of  such  may  oxidize  one 
phenol  and  be  incapable  of  oxidizing,  any  other. 

The  results  obtained  in  experiments  on  the  oxidation  of  such  sub- 
stances as  dextrose  must  be  interpreted  carefully,  as  Levene  and 
Meyer  *  have  pointed  out.  They  showed  that  in  a  sugar  solution  the 
reducing  power  of  which  had  been  lowered  by  the  combined  action  of 
muscle  plasma  and  pancreatic  extract  the  reducing  power  was  re- 
stored to  its  original  height  by  boiling  under  a  return  condenser  for  two 
hours  in  the  presence  of  1  per  cent  hydrochloric  acid  and  that  a  sub- 
stance having  the  properties  of  a  biosazone  could  be  obtained  from 
the  above  described  solution.  So  that  loss  of  reducing  power  does 
not  necessarily  imply  destruction  of  sugar;  it  may  mean  a  simple 
polymerization. 

The  results  of  the  above-mentioned  investigations  were  used  in 
planning  the  experiments  that  foUow: 

THE  OXroATION  OP  LACTOSE   IN   BUTTER. 

For  the  purpose  of  ascertaining  whether  lactose  which  is  ordinarily 
present  in  butter  to  the  extent  of  about  0.1  to  0.2  per  cent  is  being 
oxidized  in  cold-storage  butter,  with  the  production  of  substances 
having  a  disagreeable  taste  or  smell,  any  one  of  several  methods  sug- 
gest themselves  as  possible.  The  lactose  present  in  a  lot  of  butter 
before  and  after  storage  may  be  estimated  by  any  one  of  the  well- 
known  methods,  or  the  oxidation  products  of  lactose  may  be  looked 
for  in  storage  butter. 

But  the  possible  oxidation  of  lactose  with  the  formation  of  off 
flavors  might  be  brought  about  with  such  Uttle  change  in  the  lactose 
content  that  the  ordinary  methods  of  analysis  might  be  inadequate  for 
the  detection  of  the  change.  It  was  pointed  out  before  (p.  6)  that 
very  small  amounts  of  some  substances  are  easily  detected  by  the 
senses  of  taste  and  smeU  and  that  these  amounts  are  smaller  than  are 

1  Wolil,  J.  Relations  entre  les  ph^nom^nes  ozydasiqoes  natuzels  et  artiflciels.  Annales  de  I'lnstitut 
Pastenr,  vol.  24,  no.  10,  pp.  78&>797.    Pails,  Oct.  25, 1910. 

*  Levene,  P.  A.,  and  Meyer,  O.  M.  On  the  combined  action  of  muscle  plasma  and  pancreas  extract  on 
glucose  and  maltose.    Joiunal  of  Biological  Chemistzy,  vol.  9,  no.  2,  pp.  97-107.    Baltimore,  April,  1911. 
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detectable  by  the  best  analytic  methods  of  the  present  time.  It  was 
also  pointed  out  (p.  15)  that  the  separation  of  fat  quantitatiTely 
from  butter  is  difficult.  This  introduces  a  difficulty  in  the  direct 
estimation  of  lactose  in  the  butter  curd  solution. 

For  these  and  still  other  reasons  it  was  considered  advisable  to 
avoid  attempting  to  detect  directly  very  minute  changes  in  the 
lactose  content  of  storage  butter.  The  problem  was  approached 
indirectly. 

On  account  of  the  presence  of  sodium  chlorid  in  butter  in  amoimts 
varying  from  about  12  to  over  30  per  cent  in  the  curd  solution,  care 
must  be  taken  in  applying  the  results  of  other  investigators  on 
peroxidases  to  this  problem.  It.  may  be  that  the  sodium  chlorid  is 
without  effect.  Obviously,  only  experimental  data  in  which  the  per- 
oxidase action  in  the  jMresence  of  sodimn  chlorid  is  studied  are  directly 
appUcaUe  here. 

One  method  used  in  studying  (sample  No.  25)  the  utilization  of 
oxygen  by  iron  in  butter  was  similar  in  some  respects  to  that  used  by 
Horbaczewski  ^  and  others  in  their  studies  of  the  utilization  of  atmos- 
pheric oxygen  by  oxidases  of  animal  tissues. 

Description  of  samples, — Several  gallons  of  raw  milk  were  obtained 
from  a  dealer  anci  separated  in  the  cream  separator  in  the  laboratoiy. 
To  8  liters  of  skim  milk  sodium  chlorid  was  added,  in  the  proportion 
of  180  gruns  of  sodium  chlorid  to  1  liter  of  skim  milk.  Two  and  one- 
half  Uters  of  this  sample  (milk  No.  25)  were  transferred  to  an  8-liter 
flask  provided  with  a  rubber  stopper  through  which  an  inlet  and  outlet 
glass  tube  passed  to  permit  the  passage  of  the  oxygen  gas  through  the 
sample.  Part  of  the  sample  was  set  aside.  The  milk  in  the  flask  was 
the  material  on  which  the  expenment  was  made. 

Methods  and  experimental  procedure. — ^Before  beginning  the  experi- 
ment the  lactose  content  of  the  sample  was  determined  by  its  reducing 
power  and  with  the  polariscope.  In  so  far  as  no  very  great  change  in 
this  quantity  was  expected,  the  greatest  care  was  taken  to  obtain 
accurate  results  and  uniformity  of  procedure. 

For  the  gravimetric  estimation  of  lactose  the  method  described  on 
pages  42,  48,  and  119,  Bulletin  107  (revised),  of  the  Bureau  of  Chem- 
istry was  used.  It  is  of  course  questionable  whether  the  amount  of 
copper  reduced  by  a  given  weight  of  lactose  in  milk  will  be  the  same 
as  that  reduced  by  the  same  weight  of  lactose  in  milk  containing  18 
per  cent  of  sodium  chlorid.  But  what  was  sought  was  not  the  abso- 
lute amount  of  lactose  present,  but  rather  the  difference,  if  any, 
between  the  amount  of  lactose  present  before  and  after  a  certain 
treatment  of  the  sample. 

>  Horbactewski,  J.    Unteisuchungen  fiber  die  entstehung  der  Harns&ure  im  S&ugethler  oi-ganismus. 
Monatahflfte  f fir  Chemie,  ^ol.  10,  pp.  6M-641.    Vienna,  188B. 
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Six  Gooch  crucibles  were  prepared  and  used  as  described  by 
Kendall.^ 

The  weights  of  the  Gooch  crucibles  after  a  determination  were 
less  than  their  weights  before  by  an  amount  that  varied  between  0.4 
and  1.2  miUigrams.  The  average  loss  in  weight  for  19  determinations 
was  0.8  milligram.  Only  once  did  a  crucible  show  a  gain  in  weight, 
0.3  milligram. 

Although  reagents  (copper  sulfate,  sodium  potassium  tartrate, 
sodium  hydroxid)  of  the  highest  purity  were  used,  a  slight  reduction 
was  always  obtained  in  blank  experiments  made  on  an  18  per  cent 
aqueous  solution  of  sodium  chlorid.  The  weight  of  cuprous  oxid 
obtained  in  the  blank  determinations  (9)  varied  from  3.6  to  9.1 
milligrams,  average  5.9  milligrams. 

The  reducing  power  of  sample  No.  25  was  determined  six  times  m 
duphcate  diuing  the  course  of  the  experiment.  The  dupUcates  dif- 
fered by  the  following  weights  of  cuprous  oxid:  4.3,  0.4,  2.1,  0.2,  0.4, 
0.8  milligrams.  Very  nearly  378  miUigrams  of  cuprous  oxid  were 
always  obtained  in  a  determination,  from  which  amount  the  amount 
of  the  blank  determination  was  subtracted. 

For  the  determination  of  lactose  by  the  polariscope,  the  method 
given  in  Bulletin  107  (revised).  Bureau  of  Chemistry,  pages  118-119, 
was  used :  Eight  cubic  centimeters  of  acid  mercuric  nitrate  was  used 
as  the  precipitant  for  131.6  grams  of  the  sample  in  a  200  cubic  centi- 
meter flask.  The  filtrate  was  polarized  in  a  400-inillimeter  tube  in  a 
Ventzke  polariscope.  The  readings  divided  by  4  give  per  cent  of 
lactose,  if  it  be  assumed  that  the  sodium  chlorid  was  without  effect  on 
the  rotatory  power  of  the  lactose.  The  results  are  collected  in  Table  19. 
Lactose  containing  one  molecule  of  water  of  crystallization  calculated 
from  the  polariscope  readings  was  present  to  the  extent  of  4.75  per 
cent.  The  average  weight  of  cuprous  oxid  found,  0.371  gram,  corre- 
sponds to  0.2577  gram  of  lactose  or  5.19  grams  of  lactose  in  100  cubic 
centimeters  sample  No.  25. 

The  filtrate  from  the  mercuric  nitrate  precipitation,  although  per- 
fectly clear  at  first,  soon  becomes  cloudy  and  unfit  for  reading  in 
the  polariscope.  However,  readings  can  be  taken  without  interfer- 
ence by  cloudiness  if  they  are  taken  within  one-half  hour  after  filtering. 
The  polariscope  readings  of  the  filtrates  were  foimd  to  undergo  no 
change  even  after  being  allowed  to  remain  in  the  laboratory  for  two 
weeks.  After  adding  the  precipitant  and  diluting  to  the  mark  the 
mixture  was  allowed  to  stand  one  hour.  It  was  then  filtered  and  the 
filtrate  immediately  polarized.  Several  days  after,  the  filtrate  was 
again  filtered,  a  precipitate  having  formed  in  the  meantime,  and 
polarized.     In  this  way  several  filtrates  were  repeatedly  polarized  at 

1  KendaO,  Edward  Calvin.    A  quantitative  study  of  the  action  of  pancreatic  amylase.    Columbia  Unl- 
veisity,  Dissertation,  1910.    See  p.  10. 
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intervals  of  a  few  days  without  in  any  case  detecting  an  appreciable 
variation  in  polariscope  reading. 

After  having  determined  the  lactose  in  the  sample  No.  25,  its 
specific  gravity  (in  a  25  cubic  centimeter  pycnometer)  was  determined. 
Oxygen  was  then  passed  through  the  sample  for  72  hours.  The  oxygen 
was  passed  from  the  oxygen  tank  into  an  S-liter  flask  containing  3  liters 
of  1 8  per  cent  sodium  chlorid  solution  and  then  through  the  milk.  This 
was  done  so  that  the  gas  as  it  slowly  bubbled  through  the  milk  would 
alter  the  concentration  of  the  sample  as  little  as  possible.  While 
the  contact  between  gas  and  liquid  was  poor,  it  is  almost  certain  that 
the  liquid  was  saturated  with  the  gas.  About  25  gallons  (not  quite 
100  liters)  of  oxygen  passed  through  the  sample  in  the  72  hours. 
Before  each  determination  of  lactose  the  specific  gravity  of  the  sample 
was  determined  and  recorded.     No  significant  variations  were  observed. 

After  the  72  hours'  passage  of  the  oxygen  gas  the  lactose  content 
of  the  sample  was  determined  and  found  to  have  undergone  no 
change.  This  showed,  at  least  in  this  particular  case,  that  the 
naturally  occurring  peroxidase  in  milk  could  not  utilize  molecular 
oxygen  for  the  oxidation  of  lactose.  From  time  to  time  tests  for 
peroxidase  were  made,  using  tincture  of  guaiac  and  a  few  drop®  of  a 
dilute  solution  of  hydrogen  peroxid.  Peroxidase  was  present  in  the 
material  throughout  the  experiment.  Although  always  looked  for, 
oxidase  was  not  found  in  the  several  tests,  except  once,  and  that  was 
probably  due  to  some  unaccountable  error.  The  reagent,  tincture 
of  guaiac,  was  not  the  cause  of  the  unusual  positive  test. 

To  sample  No.  25  there  was  then  added  8  grams  of  ferrous  sulfate 
containing  7  molecules  of  water  of  crystallization  (FeS047H20).  One 
gram  of  metallic  iron  is  present  in  4.978  grams  of  this  salt.  On  adding 
ferrous  sulfate  to  the  milk  a  very  strong  disagreeable  odor  was  pro- 
duced, suggesting  putrefying  protein.  The  odor  was  undoubtedly 
produced  by  the  action  of  the  iron  on  the  milk,  as  the  sample  was 
odorless  before  the  addition.  The  odor  of  the  material  throughout 
the  experiment  was  always  carefully  noticed.  (See  p.  64.)  The 
quantity  of  ferrous  sulfate  added  was  calculated  to  make  one  part  of 
metallic  iron  present  in  1,000  parts  of  milk.  This  is  undoubtedly 
much  more  than  is  ever  present  in  milk  or  butter,  excluding  the  case 
where  butter  is  in  contact  with  iron  rust,  which  has  gone  into  solution 
but  has  not  diffused  very  far  into  the  butter  mass.  But  the  amount 
of  iron  was  purposely  made  very  high  because  the  experimental  time 
was  to  be  much  shorter  than  the  storage  period.  The  milk  was  allowed 
to  stand  one  day  after  the  addition  of  the  iron,  and  the  lactose  deter- 
mined. No  change  was  noticed  in  this  quantity  nor  was  any  change 
found  after  blowing  oxygen  through  the  sample  for  a  second  period  of 
72  hours.  The  acidity  of  the  sample  to  phenolphthalein  did  not 
change  during  this  time,  nor  were  bacteria  present  during  the  experi- 
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ment  in  numbers  sufficient  to  affect  the  results.  Oxygen  was  passed 
through  the  sample  for  17  days  longer  with  a  decided  drop  in  reducing 
power  and  polarization  at  the  end  of  that  period.  This  was  due  to 
bacterial  action,  as  was  shown  by  a  suitable  examination. 

Table  19. — Action  of  iron  and  oxygen  on  lactose  in  milk  No.  25. 


No. 


Reduction. 


Polarisation. 


Treatment. 


25 

25 
25.1 

26. 2& 
25.2a 
25.2b 

25.3 


Original  sample,  containing  sodium  chlorid; 

age,  7  days 

Repetition  on  same  sample 

Alter  blowing  oxygen  through  for  72  hours  and 

letting  stand  1  day 

Added  Jerrous  sulfate  and  let  stand  1  day 

Repetition  on  partof  the  sample  set  aside  until. 
After  blowing  oxygen  thrmigh  sample  for 

second  period  of  72  hours,  a  total  of  144 

After  10  days  slow  and  7  dajrs  rapid  blowing 

of  oxygen  through  sample ? 


Date  of  deter- 
mination. 


Mar.  28,1911 
ICar.  30,1911 

Apr.    4,1911 

do ■. 

Apr.    7,1911 


} 


.do 

Apr.  25,1911 


Weight  of 
CuaO. 


Chrams. 
0.3721 
.3720 

.3703 
.3721 
.3716 

.3602 
.2084 


Readings 

on  Ventzke 

scale. 


Date  of 
readings. 


+19.0 
19.0 

18.9 
18.8 


{ 


18.6 
17.7 
13.2 


liar.  28 

liar.  30 

Apr.  3 

Apr.  5 


Apr.  8 
Apr.  17 
Apr.  25 


During  the  summer  of  1910  three  experiments,  samples  Nos.  1,  2, 
and  3,  essentially  similar  to  that  on  milk  No.  25,  were  made.  Air 
instead  of  oxygen  was  used.  The  results  are  not  appreciably  differ- 
ent from  those  in  Table  19.  Sample  No.  1  was  milk,  samples  2  and  3 
were  skim  milk;  all  three  were  soured  before  use  in  the  experiments. 
Only  the  reduction  was  determined  in  these  samples  which,  because 
of  the  formation  of  lactic  acid,  was  lower  than  the  reduction  in  sample 
No.  25.  But  the  reduction  did  not  change  appreciably  by  the  action 
of  the  air  blown  through  the  samples.  The  results  were  not  as  uni- 
form as  in  Table  19,  very  likely  because  it  is  more  difficult  to  sample 
accurately  the  sour  milk  containing  particles  of  casein.  After  a  few 
trials  during  the  summer  of  1910  on  the  best  way  of  obtaining  a 
uniform  sample  for  reduction,  it  was  found  best  to  transfer  the  portion 
of  the  sample  in  the  pycnometer  (25  cubic  centimeters)  to  the  volu- 
metric flask  for  clarification.  In  this  way  both  the  volume  and  weight 
of  the  portion  used  was  known. 

THE    POSSIBLE    OXIDATION    OF    LACTOSE    IN    STORAGE    BUTTER    BY    A 

PEROXID. 

It  was  stated  before  (p.  56)  that  there  are  at  present  no  reasons  for 
supposing  that  peroxids  are  present  to  any  appreciable  extent  in 
butter.  This  statement  is  not  free  from  assumption,  for  there  is  a 
possibility  of  the  slow  formation  of  an  organic  peroxid  in  butter. 
A  review  of  the  literature  on  the  subject  and  an  interesting  discussion 
of  the  formation  of  organic  peroxids  by  direct  combination  of  the 
compound  with  molecular  oxygen  has  been  made  by  Kastle.*    The 
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detection  of  an  organic  peroxid  in  butter  at  any  particular  time  might 
be  practically  impossible  because  of  its  almost  immediate  decomposi- 
tion either  by  the  catalase  naturally  present  in  unpasteurized  cream 
butter  or  by  iron  almost  always  present,  even  in  butter  most  carefully 
churned,  to  the  extent  of  three  or  four  parts  per  million  of  butter 
(see  p.  54  for  amounts  of  iron  in  butter)  and  yet  the  oxidative  process 
may  be  taking  place.  Perhaps  a  careful  analysis  of  the  gas  in  butter 
will  show  whether  any  of  the  oxygen  is  being  removed  in  this  way. 
The  work  on  the  analysis  of  the  gases  in  butter  has  been  begun  and 
some  of  the  analyses  are  given  on  page  37. 

For  the  reasons  just  mentioned  the  fact  that  no  oxidation  of  lactose 
was  detected  in  skim  milk  containing  iron  and  through  which  oxygen 
was  passed  does  not  exclude  the  possibility  of  the  slow  formation  of 
organic  peroxids  in  butter  and  their  subsequent  oxidative  action. 

On  the  assumption  that  organic  peroxids  might  be  slowly  formed 
in  butter,  and  that  such  peroxids  might  be  used  by  the  peroxidase 
present  for  oxidation,  a  few  experiments  were  made  in  which  the 
polarization  of  skim  milk  was  observed  before  and  after  the  addition 
of  hydrogen  peroxid,  with  and  without  iron.  The  data  are  sum- 
marized in  Table  20.  One  liter  of  each  mixture  was  prepared  from 
which  portions  were  transferred  to  a  200  cubic  centimeter  flask  for 
clarification  and  polarization. 

It  is  evident  that  in  these  mixtures  containing  hydrogen  peroxid 
and  iron  (Nos.  18,  19,  and  23)  there  was  a  very  appreciable  lowering 
in  the  polarization.  This  lowering  probably  was  not  due  to  the  easy 
reducibility  of  the  mercury  by  the  lactose,  because  in  those  filtrates 
containing  hydrogen  peroxid  but  no  iron  (Nos.  17  and  21)  there  was 
no  lowering,  although  these  filtrates  contained  unprecipitated  mer- 
cury as  well  as  the  others.  While  there  may  be  other  possibilities, 
the  most  reasonable  tentative  conclusion  to  be  drawn  from  the  results 
of  Table  20  is  that  the  lactose  was  oxidized  by  the  action  of  the 
peroxid  and  iron,  and  if  there  were  peroxid  formation  in  butter  such 
oxidation  of  lactose  might  take  place  there.  The  experiments  detailed 
in  Table  20  were  not  expected  to  be  conclusive;  others  are  imdoubtedly 
necessary. 
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64  CHANGE  IN   FLAVOR  OF   STORAGE  BUTTER. 

L5b  and  Pulvermacher's  observation  (p.  56)  that  dextrose  is  much 
more  easily  oxidized  than  sucrose,  and  that  the  sucrose  apparently 
can  oxidize  only  as  fast  as  it  is  first  inverted,  su^ests  the  desirability 
of  fiu-ther  experiment  along  the  lines  of  the  work  on  sample  No.  25, 
but  in  which  the  sample  is  soured  before  being  used  in  the  experiment. 
In  the  presence  of  lactic  acid  (or  its  combination  with  casein)  it  is 
very  probable  that  the  lactose  present  would  be  inverted,  even  if  very 
slowly.  Then  the  iron  and  oxygen  would  have  the  entire  storage 
period  of  several  months  to  bring  about  the  slight  chemical  changes 
presimiably  sufficient  to  give  butter  an  ''off  flavor." 

ODORS    PRODUCED    IN    MILK    BY    THE    ADDITION    OF    IRON    SALTS. 

In  our  experiments  the  production  of  substances  having  a  dis-' 
agreeable  odor  and  taste  was  the  most  important  part  of  the  work. 
No  chemical  change,  however  pronounced,  that  presumably  did  not 
affect  the  flavor  of  butter  was  of  more  than  incidental  interest. 
For  this  reason  the  odor  of  the  experimental  material  was  always 
carefully  noted. 

It  was  stated  before  (p.  60)  that  on  adding  ferrous  sulfate  to  milk 
containing  salt,  a  very  strong,  nauseating  odor  was  produced.  This 
observation  had  been  made  before  in  mixtures  of  milk,  hydrogen 
peroxid  and  ferric  chlorid,  but  the  odor  was  not  produced  every  time 
that  ferric  chlorid  and  hydrogen  peroxid  were  added  to  milk.  It 
was  obviously  desirable  to  know  whether  iron  salts  could  produce 
undesirable  odors  in  milk  and  whether  the  experimental  conditions 
under  which  such  odors  were  produced  were  in  any  way  similar  to  the 
conditions  in  cold  storage  butter. 

After  several  trials  it  was  found  that  ferrous  salts  added  to  milk 
in  the  proportion  of  1  part  of  metallic  iron  to  1,000  parts  of  milk 
would  result  in  the  production  of  a  very  powerful  odor.  The  method 
of  the  experiment  was  very  simple  as  the  following  example  shows: 

Several  liters  of  raw  milk  as  obtained  fresh  from  the  dealer  were 
separated.  Sodium  chlorid  was  added  to  the  skim  milk,  anywhere 
from  18  per  cent  to  saturation,  or  the  sodium  chlorid  may  be  omitted 
altogether.  The  sodium  chlorid  serves  both  as  a  preservative  and  as  a 
normal  constituent  of  butter  curd  solution.  Skim  milk  was  used 
because  by  eliminating  the  fat  and  fat  soluble  substances  the  sub- 
stances causing  the  odor  could  be  better  determined.  The  sample 
of  salted  skim  milk  could  be  used  at  once  or  after  several  days'  stand- 
ing at  room  temperature.  Portions  of  300  cubic  centimeters  each 
were  transferred  to  1-liter  Erlenmeyer  flasks.  To  each  flask  there 
was  then  added  a  calculated  quantity  of  the  metal  salt.  The  follow- 
ing salts  were  used  in  the  several  experiments;  some  of  them  were 
used  very  many  times:   Ferrous  sulfate,  ferrous  ammonium  sulfate^ 
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ferrous  lactate,  ferric  acetate,  ferric  chlorid,  and  to  a  lesser  extent 
some  salts  of  the  following  metals:  Copper,  manganese,  aluminium, 
and  lead. 

In  no  case  was  any  odor  produced  by  any  metal  salt  other  than 
iron.  Ferrous  salts  almost  always,  ferric  salts  very  seldom,  pro- 
duced an  odor  in  the  milk.  The  quantities  used  wefe  calculated  to 
make  1  part  of  metal  present  in  1,000  parts  of  milk.  When  this 
quantity  of  a  ferrous  salt  is  used  the  odor  becomes  very  powerful 
in  a  few  minutes.  However,  1  part  of  ferrous  iron  in  50,000  parts  of 
milk  could  easily  be  shown  to  produce  an  odor  plainly  perceptible  by 
several  persons  to  whom  no  information  had  been  previously  given 
regarding  the  nature  of  the  samples  to  be  smelled.  TTie  odor  develops 
slowly  when  the  amount  of  iron  is  small.  For  1  part  of  iron  to  50,000 
of  milk  an  hour  should  be  allowed. 

It  seems  -that  the  odor  is  developed  at  that  time  when  the  color  of 
the  mixture  changes  to  the  more  highly  colored  ferric  salt. 

Although  the  odor  strongly  suggests  putrefying  protein  or  hydrogen 
sidfid,  tests  made  for  hydrogen  sulfid  were  negative.  The  tests  were 
made  by  passing  a  current  of  air  through  milk  in  which  an  odor  had 
been  developed  by  the  addition  of  ferrous  iron,  and  then  through  an 
alkaline  solution  of  lead  acetate. 

It  is  doubtful  whether  the  odor  came  from  the  fat,  because  skim  milk 
was  used,  and  it  was  doubtful  whether  lactose  was  the  cause.  It 
seemed  probable  that  protein  was  being  acted  upon  by  the  iron.  In 
one  experiment  in  which  solutions  of  egg-white  and  of  egg-yolk  were 
used  the  same  results  were  obtained  as  before,  i.  e.,  the  addition  of 
iron  salts  (ferrous  sulfate  and  ferric  chlorid)  resulted  in  the  pro- 
duction of  a  strong  odor.  Whether  protein  was  acted  upon  in  the 
experiments  or  not,  is  difficult  to  say. 

On  looking  through  the  literature  on  the  oxidation  of  proteins, 
very  little  was  found  that  would  throw  Ught  on  the  oxidation  of 
protein  by  means  of  comparatively  mild  oxidizing  agents.  In  most 
of  the  researches  the  protein  was  brokea  down  completely  by  the 
reagents  used,  and  the  work  was  done  for  the  purpose  of  studying  .either 
the  products  of  the  oxidation  or  the  various  oxidation  stages  through 
which  the  protein  goes  during  the  course  of  metabolism.  No  records 
were  found  in  which  the  protein  oxidation  was  studied  for  the  par- 
ticular purpose  of  observing  whether  odoriferous  substances  were 
formed.  The  oxidation  of  protein  in  storage  butter  (if  it  occurs  at 
all)  is  probably  very  mild.  There  seems  to  be  no  apparent  change  in 
the  quantity  of  protein  in  butter  before  and  after  storage. 

However,  two  researches  were  foimd  in  the  literature  which  w^ero 
highly  instructive. 
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Neuberg  and  Blumenthal '  studied  the  oxidation  products  of 
gelatin,  using  ferrous  sulfate  and  hydrogen  peroxid.  In  the  distillates 
from  2  kilograms  of  gelatin  they  isolated  and  identified  isovaleralde- 
hyde.  Other  volatile  products  were  also  formed.  Orgler '  repeated 
some  of  the  work  of  Neuberg  and  Blumenthal,  using  crystallized 
egg  albumin, 'copper  sulfate,  and  hydrogen  peroxid.  Acetone  was 
detected  and  identified  in  the  distillates  from  such  a  mixture,  which 
distillate,  according  to  Orgler,  had  a  strong  fruity  odor. 

It  follows  that  if  the  ferrous  salts  used  in  the  production  of  an  odor 
in  milk  act  on  some  milk  protein  with  the  formation  of  aldehyde  or 
ketone  substances,  it  ought  to  be  possible  to  take  milk  (containing  salt), 
add  a  ferrous  salt,  and  obtain  from  it  by  distillation  some  of  the  sub- 
stances mentioned  by  Neuberg  and  Blumenthal  and  by  Orgler.  Two 
experiments  were  made  which,  while  not  so  conclusive  as  to  make 
further  experiment  unnecessary,  gave  results  so  much  in  accord  with 
expectations  that  there  is  Uttle  doubt  but  what  the  ferrous  sulfate 
used  in  the  experiments  caused  the  formation  of  substances  which 
gave  the  iodoform  test.  Beyond  this  their  chemical  nature  was  not 
investigated. 

THE    PRODUCTION    OF    lODOFORM-REACTINO    SUBSTANCES    IN    MILK    BY 

FERROUS    IRON. 

To  an  ordinary  2-liter  side-arm  distillation  flask  1  liter  of  fresh 
skim  milk  was  transferred  (sample  42.2).  The  sample  contained  200 
grains  of  sodium  chlorid  to  1  liter  of  skim  milk.  It  was  quickly 
brought  to  a  boil  and  10  cubic  centimeters  distilled  over.  This  was 
tested  with  sodium  hydroxid  solution  (1:3)  and  iodin  solution 
without  heating  for  substances  giving  the  iodoform  test.' 

The  test  was  positive.  The  above  procedure  was  repeated  on 
some  of  the  same  sample  of  milk  under  the  same  conditions,  except 
that  5  grams  of  the  crystallized  ferrous  sulfate  (Fe  1 : 1  000)  was 
added  just  before  distilling.  The  distillate  gave  a  much  stronger 
iodoform  test;  that  is,  there  was  a  very  appreciable  immediate  pre- 
cipitate of  iodoform.  A  second  sample  of  skim  milk  was  distilled 
as  before.  This  sample  (No.  37x)  was  obtained  from  the  same 
dealer  as  the  previous  sample  (sample  42),  and  after  being  skimmed 
they  probably  did  not  differ  very  materially  in  their  composition. 
At  the  time  of  the  experiment  this  sample  (37x)  was  raw  skim  milk 
containing  30  per  cent  of  sodium  chlorid  (300  grams  of  salt  to  1  Uter 
of  milk)  and  1  part  of  iron  as  ferrous  sulfate  to  5  000  parts  ol  milL 

1  Neuberg,  C,  and  Blumenthal,  F.  tJ^ber  die  Bildung  von  leovaleraldehyd  und  Aoeton  ans  Qelatin^. 
BeltrSfiie  zur  Chemischen  Physlologie  und  Pathologie,  vol.  2,  no.  6-0,  pp.  238-250.  Braunschweig,  May, 
1902. 

>  Orgler,  Arnold,  t^her  die  Entstehung  von  Aoeton  aue  krystalliaiertem  Oralbumin.  Beitifige  zts 
Chemiachen  Phyaiologie  und  Pathologie,  vol.  1,  no.  10-12,  pp.  583.    Braunachweig,  January,  1002. 

>  Mulliken,  Samuel  Parsons.    Identification  of  Pure  Organic  Compounds.    See  voL  1,  p.  I06b 
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The  salt  and  iron  were  added  on  the  same  day  the  sample  was  received. 
After  remaining  at  room  temperature  in  the  laboratory  for  12  days, 
during  which  time  several  Uters  were  used  for  other  purposes,  3 
liters  of  this  sample  were  transferred  to  a  7-Uter  bottle  and  oxygen 
was  blown  through  it  slowly  for  4  days  (96  hours).  One  liter  of 
this  was  distilled.  The  distillate  (10  c.  c.)  yielded  more  iodoform 
than  either  of  the  other  two.  Judging  by  inspection,  on  distilling 
fresh  skim  milk  a  very  small  but  distinctly  perceptible  quantity  of 
iodoform*reacting  substance  was  obtained;  fresh  skim  milk  and 
iron  yielded  more,  and  skim  milk  and  iron  first  saturated  with  oxygen 
yielded  most.  There  could  be  Uttle  doubt  about  the  relative  amounts 
of  iodoform,  but  the  experiment  was  repeated  on  pertions  of  the 
same  samples  as  before  for  the  purpose  of  estimating  quantitatively 
the  iodoform  obtained. 

Each  distillation  was  continued  until  six  10  cubic  centimeter 
portions  of  distillate  were  obtained.  Iodoform  tests  on  these  were 
made  by  adding  to  each  portion  contained  in  a  test  tube  10  drops 
of  sodium  hydroxid  solution  (1 : 3)  and  sufficient  iodin  solution  to 
insure  a  slight  excess.  In  eveiy  case  precipitates  of  iodoform  were 
obtained  almost  immediately  and  without  the  aid  of  heat.  Very 
little  iodoform,  if  any,  was  obtained  in  the  last  10  cubic  centimeters 
of  distillate. 

The  iodoform  was  washed  first  by  decantation,  then  transferred 
to  filter  papers  and  washed  till  the  filtrates  gave  only  a  very  faint 
cloud  with  silver  nitrate  solution.  Some  of  the  iodoform  was,  of 
course,  lost  through  solution  in  the  wash  water,  but  the  relative 
amounts  in  this  case  rather  than  the  absolute  were  just  as  desirable. 
The  amount  lost  in  this  way  probably  was  small  compared  with  the 
amounts  present.  The  blank  determination  (No.  42.3)  was  lost. 
It  contained  a  distinctly  perceptible  precipitate,  but  too  small  in 
amount  to  compare  with  either  of  the  other  two.  For  the  estima- 
tion of  the  iodoform  a  method  given  in  the  Pharmaceutical  Journal, 
page  565,  volume  82,  1909,  was  used.  The  iodoform  on  the  filter 
papers  was  dissolved  in  alcohol  and  ether  and  the  solutions  received 
in  300  cubic  centimeter  Erlenmeyer  flasks.  To  these  flasks  and  to 
controls  1  cubic  centimeter  nitrous  acid  (fuming  nitric  acid)  and 
50  cubic  centimeters  approximately  tenth  normal  silver  nitrate 
solution  were  added.  The  mixtures  were  heated  on  the  steam  l)ath 
over  night.  The  silver  still  remaining  in  solution  was  estimated  with 
standard  ammonium  sulfocyanid  solution,  using  ferric  ammonium 
sulfate  as  indicator. 

The  distillate  from  the  fresh  mUk  containing  ferrous  sulfate  (No. 
42.4,  Fe  1 : 1,000)  yielded  15.4  milligrams  of  iodoform;  the  distillate 
from  the  12  days'  old  milk  containing  ferrous  sulfate  (No.  37x,  Fe  1 : 
6  000)  and  saturated  with  oxygen  gave  54.7  milligrams  of  iodoform. 
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These  amounts  of  iodoform  correspond  in  the  titrations  to  1.37 
cubic  centimeters  in  the  first  and  to  4.88  cubic  centimeters  of  silver 
nitrate  solution  (N/11.7)  in  the  second  determination. 

While  these  results  do  not  prove  that  the  iodoform  was  obtained 
from  oxidation  products  of  milk  protein,  they  do  prove  the  possibility 
of  such  oxidation.  By  distilling  such  mixtures  imder  low  pressure 
and  at  low  temperature  to  remove  the  possible  objection  that  the 
temperature  of  distillation  is  not  the  temperature  at  which  chemical 
changes  take  place  in  storage  butter,  the  identity  of  the  iodoform- 
reacting  substances  could  without  doubt  be  ascertained. 

Whether  the  small  amounts  of  iron  ordinarily  present  in  butter 
(see  p.  54}  can  slowly  bring  about  the  same  kind  of  a  change  that 
larger  amoimts  of  iron  bring  about  in  milk  in  a  veiy  much  shorter 
time  is  to  be  determined  by  future  investigation. 

SUMMARY. 

The  failure  of  previous  investigators  to  find  evidences  of  pro- 
tedlysis  in  cold-storage  butter  may  have  been  due  to  difficulty  in 
obtaining  proper  precipitations  in  the  curd  solution. 

Methods  of  analjrsis  have  been  perfected  which  permit  the  use  of 
large  samples  and  show  the  first  stages  in  the  proteolj^is.  This 
method  gave  no  evidence  of  an  increase  in  soluble  nitrogen  in  butter 
on  long  standing  at  0°  F.,  even  when  the  conditions  of  the  manu- 
facture were  most  favorable  to  such  changes. 

Buttermilk  from  sweet  unpasteurized  cream  and  from  sweet 
pasteurized  cream  when  preserved  with  18  per  cent  sodium  chlorid 
to  correspond  to  butter-curd  solution  showed  no  proteolysis  during 
a  long  period  in  cold  storage. 

Bacterial  enzym  held  in  cold  storage  in  milk  containing  18  per 
cent  of  sodium  chlorid  gave  some  evidence  of  proteolysis.  The  action 
of  pepsin  and  trypsin  under  similar  conditions  was  not  completely 
inhibited. 

Butter  made  from  sweet  pasteurized  cream  keeps  much  better 
than  butter  made  from  similar  cream  without  pasteiuization,  but 
the  changes  in  the  unpasteurized  cream  butter  can  not  be  repro- 
duced by  reinoculating  the  pasteurized  cream  with  the  bacteria  of 
the  cream  before  pasteurization. 

By  means  of  specially  designed  apparatus  exact  analysis  was 
made  of  the  gases  contained  in  butter.  About  10  per  cent,  by 
volume,  of  fresh  butter  is  gas  consisting  approximately  of  nitrogen 
(by  difference)  33  per  cent,  oxygen  20  per  cent,  and  the  remainder 
of  gases  absorbable  by  sodium  hydroxid.  The  oxygen  was  materially 
less  after  storage. 

The  addition  of  iron  to  the  cream  even  in  as  small  an  amount  as 
one  or  two  parts  per  milUon  parts  of  cream  has  an  influence  on  the 


SUMMARY.  69 

flavor  of  the  butter.  This  work  gives  nothing  to  show  that  the 
nature  of  the  flavor  is  appreciably  changed,  but  the  rate  of  develop- 
ment is  accelerated. 

The  cream  may  take  up  iron  in  quantities  sufficient  to  affect  the 
flavor  from  rusty  cans  or  even  from  the  exposed  boltheads  or  other 
metal  parts  of  the  chum. 

The  action  of  copper  is  similar  but  perhaps  more  intense. 

It  was  found  that  in  milk  to  which  18  per  cent  sodium  chlorid 
had  been  added  there  was  no  change  in  the  lactose  when  iron  was 
added  and  a  current  of  oxygen  passed  through  the  milk  for  72  hours. 

A  strong  odor  may  be  produced  in  milk  by  the  addition  of  small 
amoimts  of  iron  salts.  The  ferrous  salts  are  more  active  than  the 
ferric  salts. 

The  iodoform  test  is  much  stronger  in  distillates  from  milk  con- 
taining ferrous  sulfate. 
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,  Habronema  mutcx.     Larva  {Stage  6)  from  head  of  newly  eme^ied  fly. 
Anterior  end 

'.  Habronema  mutest.    Larva  (Stage  6)  from  newly  emei^ed  fly.    Posterior 

I.  Habronema  muicx.    Larva  (Stage  6)  from  stomach  of  horse 

.  Habronema  muicse.    Larva  (Stage  6)  from  stomach  of  horae.    Anterior 

.  Habronenut  mwcx.    Larva  (Stage  6)  from  stomach  ol  horse.    Posterior 

.  Sabro7\ema  miucx.    Larvte,  immature  sti^ee,  and  adults 

.  Habronema  muiae.    Adult  malea  and  females 

I.  Habronenui  muro$l/)7na.     Adult  males  and  females 

1.  Habronema  miucie.     Anterior  end  of  adult 

,  Habrojiema  muicm.     Anterior  end  of  adult.     Lateral  view 

.  Habronema  mierottoma.    Anterior  end  of  adult 

'.  Habronema  microsloma.     Anterior  end  of  adult.     Lateral  view 

I.  Habronema  muMx.    Tail  ol  male.    Lateral  view 

.  Habronema  mierottoma.     Tail  of  male.     Lateral  view 

:.  Habronema  miitex.    Tail  of  male.    Ventral  view 

;.  Habrojiema  mieroilama.    Tail  of  male.    Ventral  view 

.  Habronema  micro$loma.     Tail  of  male.     Ventral  view 

I.  Habronema  miacx.    Spicules  and  gubernaculum  of  male 

i.  Habronema  microstoma.    Spicules  and  gubernaculum  of  male 

.  Habronema  muses.    Region  of  vulva  of  female 

1.  Hahro-nemamicroaloma.     Region  of  vulva  of  female.  > 

I.  HahTonem.a  microstoma.    Region  of  vulva  of  female — 

I.  Habronema  mu»eir.    Tail  of  female.     Lateral  view 

..  Habronema  mieroiioma.    Tail  of  female.    Lateiul  view 


THE  LIFE  HISTORY  OF  HABRONEMA  MUSC£  (CARTER),  A  PARASITE 
OF  THE  HORSE  TRANSMITTED  BY  THE  HOUSE  FLY. 


STTMMIABT. 


Over  50  years  ago  in  Bombay,  India,  the  late  H,  J,  Carter  dia- 
oovered  some  larval  nematode  worms  in  the  common  house  fly. 
These  worms,  known  as  Habi-onema  muscce,  have  since  been  repeat- 
edly observed  in  flies  in  various  parts  of  the  world,  but  their  life 
history  remained  a  mystery  which  has  only  recently  been  cleared  up 
through  investigations  made  by  the  present  writer.  The  results  of 
these  investigations  show  that  the  adult  stage  of  the  parasite  occurs 
in  the  stomach  of  horses.  The  embryos  produced  by  the  parent 
worms  in  the  stomach  leave  the  body  in  the  alimentary  dejecta  and 
enter  the  bodies  of  fly  larva;  which  have  hatched  from  eggs  de- 
posited in  the  dejecta  by  house  flies.  The  young  worms  grow  and  de- 
velop in  the  fly  larvte  and  reach  their  final  stage  of  larval  develop- 
ment at  about  the  time  the  flies  emerge  in  the  pinged  state  from  the 
pupal  stage.  Finally  they  complete  their  development  to  maturity 
after  the  flies  which  they  infest  are  swallowed  by  horses.  In  flies  the 
parasites  are  commonly  found  in  the  head,  frequently  in  the  proboscis, 
but  they  occur  also  in  the  thwax  and  abdranen.  The  occurrence  of 
these  worms  in  a  fly  is  positive  proof  that  the  fly  was  bred  in  horse 
manure,  hence  the  frequency  with  which  they  are  found  in  flies 
roughly  indicates  the  extent  to  which  horse  manure  in  the  neighbor- 
hood is  serving  as  a  breeding  place  for  flies.  The  adult  Hahroneina 
muscw  is  very  similar  to  Spiroptera  nuorostoma^  known  since  1866 
as  a  parasite  occurring  in  the  stomach  of  the  horse,  but  is  distinctly 
a  different  species.  The  two  species,  however,  are  congeneric,  and 
the  latter  accordingly  takes  the  name  Tlabronema  mirroxtoma. 

IHTBODUCrrON. 

In  a  prior  paper  (Ransom,  1911)  I  have  briefly  reported  some  in- 
vestigations which  led  to  the  (fiscovery  that  BahroneTna  muacm 
(Carter),  known  since  1861  as  a  parasite  of  the  house  fly,  is  the  larval 
stage  of  a  parasite  of  the  horse,  closely  related  to  Spiroptera  micro- 
stoma (Schneider,  1866).  These  investigations  indicate  that  the 
embryos  of  the  parasite  leave  the  body  of  the  definitive  host  in  the 
feces,  enter  the  bodies  of  fly  larvse.  reach  their  final  larval  stage  shortly 
before  or  after  the  tran.sformation  of  the  flies  into  the  imaginal  state, 
and  at  last  complete  their  development  tomaturity  when  the  flies  which 


r 


they  infest  are  swallowed  by  horses.  The  life 
history  of  Habronema  muacte^is  thus  of  the 
type,  not  unusual,  that  involves  a  simple  alter- 
nation between  two  hosts,  one  a  vertebrate  har- 
boring the  adult  stage  of  the  parasite,  and  the 
other  an  invertebrate  harboring  the  larval  stage. 

HIBTOBICAL. 

The  first  definite  record  of  Habronema  mAtsca 
is  that  of  Carter  (1861),  who  found  two  ne- 
matode worms  in  the  head  of  a  house  fly  nt  Bcun- 
bay,  India,  in  Kovember,  1859.  In  July,  1860, 
the  same  author  made  further  examinations  of 
flies  at  Bombay  and  found  that  on  an  average 
every  third  fly  contained  from  2  to  20  worms, 
located  chiefly  in  the  proboscis,  but  occasionaUy 
among  the  soft  tissues  of  the  head  and  posterior 
part  of  the  abdomen.  Carter  erroneously  con- 
sidered these  worms  to  be  bisexual  and  mature. 
He  gave  them  the  name  Filaria  muscm,  and  de- 
scribed them  as  follows: 

Linear,  (yllndrical.  fnintly  striated  transversely,  gnd- 
uall;  dlmlnlstilug  luwnrd  tbe  head,  which  is  obtuse  nnd 
funilehed  with  four  piiiilHie  nt  a  little  dit^tiuice  from  the 
muuth.  two  nbuve  and  two  below ;  dluilnlshlug  also 
toward  tlie  tail,  which  Is  short,  aud  termlonted  by  a 
dilated  round  extremity  covered  with  abort  aplnes. 
Mouth  lu  the  center  of  the  anterior  estreiulty.  Anal 
orifice  at  the  root  of  the  tall. 

OesoiihHRUs  cumnieucliiK  from  a  slightly  dilated  oral 
orifice,  narrow  at  flrst.  then  becomiu)):  auddenl;  Increased 
in  caliber,  and.  after  extendini;  some  distance  bach- 
wardB.  Joining  the  Intestine,  aniutrently  without  any 
line  of  denia  rent  Ion,  opposite  the  anterior  termination 
of  the  beiwtic  oi^an.  Intestine  cominued  straight 
tbrouKb  the  t>ody,  tind  nearly  of  the  same  size,  on  to 
the  rectum,  which  Is  short  and  obliquely  directed  to- 
wards the  anus.  Oesophageal  Hhenth  [flfC-  2]  commenc- 
ing nt   the  termination   of   the   narrow   |)ortlon  of   the 

Km.  ]. — Hahrontoia  mutoir  from  Bfluac!  fly.  a,  csophRKUS ;  b,  Intmtlnp;  c,  "  tn- 
Ivstlnal  BbeBth;"  d,  "  liver;"  e,  rectum  nod  anus.  Enlarged.  After  Carter. 
1801  6,  pi.  1  A,  flg.  2.  Erronpous  liiterp''plH"'>ni'  of  CHrtpr  Indicated  by 
ijuolallon  murka. 

V'K.  2.- — Habronema  muica  Crom  houH^  fly.  a,  bead  paplllB' :  b,  "  sma]]  part  of 
esopliaitiia:  ■'  c,  large  dllto ;  d,  "  esophageBl  BheBlh  ; "  e,  e,  e,  "  doranl  ves- 
Kcl ;  "  /■  "  ovary  charged  wltb  nucleated  cella ;  "  g,  "  TUlra  ;  "  ft,  "  testicle 
charged  with  nucleated  cells  ;  "  i,  "  penln  ;  "  Jt.  "  anterior  extremity  ;  "  I. 
"  anterlov  extremity  of  Intetxlne ;  "  ni.  "  posterior  end  of  Urer;  '"  n,  Int^tlne 
and  "  lutextlasl  sbeatb  ; ''  u,  rectum  nnd  niiu» ;  p,  Hplnouii  extremity  of  taU. 


oeeopbaguB  posteriorly,  where  tbe  latter  1b  embraced  by  the  dorsal  vessel,  erad- 
uatly  iQcreasinK  backwards  to  Join,  without  a  line  of  demarcation,  the  sheath 
of  tbe  lateatlue,  wlilcb,  on  Its  part,  soon  attaining  its  maximum  caliber,  Is 
continued  backwarde,  of  the  same  size,  to  the  termination  of  tbe  bepatlc  organ, 
where  It  becomeB  slightly  bnt  suddenly  reduced  In  diameter  and  afterwards 
malntflins  neiirly  tbe  same  size  on  to  the  rectum. 

Hepiitli^  organ  [fig.  1,  d]  marked  by  a  dense  white  layer  of  oil  globules  and 
granular  mutter  wthln  the  Intestinal  sheath,  surrounding  the  anterior  third 
of  tbe  Intestine,  commencing  opposite  the  union  of  tbe  latter  with  the  oesopha- 
'  gus,  and  terminating  at  the  sudden  diminution  in  diameter  of  the  Intestinal 
sheath,  wbere  it  Isdeflned  by  a  circular  line  (m).  Rectum  (o)  more  or  less  ob- 
scured by  muscular  and  other  structure.  In  the  midst  of  which  two  glandular 
bodies  are  observed  opposite  Its  Junction  with  the  Intestine.  Dorsal  vessel 
(e  e  c)  extending  from  the  point  of  union  between  tbe  smaller  and  larger  por- 
tions of  tbe  oesophagus  (e),  which  it  embraces  by  bifurcation,  to  tbe  posterior 
end  of  the  hepatic  organ  (m),  where  It  again  api)ears  to  bifurcate  and  to  em- 
brace the  intestinal  sheatb. 

Generative  organs  situated  in  the  anterior  pert  of  the  body,  under  tbe 
oesophagus  and  anterior  part  of  tbe  Intestine,  consisting  of  an  ovary  [flg.  2.  /] 
and  testicle  (A),  opening  on  tbe  right  side,  a  little  in  front  of  the  liver,  by 
separate  ducts  about  one-hundredth  of  an  Incb  apart,  the  former,  which  is 
anterior,  by  a  simple  papillary  aperture  (i7),  and  the  latter  by  the  same,  but 
with  a  short  funnel-shaped  exsertlle  organ  (t).  Ovary  unseen  In  detail,  but 
charged  with  nucleated  cells,  and  presenting  a  distinct  line  of  demarcation 
between  Itself  and  tbe  testicle,  which  on  Its  part  appears  to  be  saccular,  and 
also  contains  nucleated  cells  that  are  sometimes  spermatophorous.  Sperma- 
tozoa Indistinctly  seen;  single,  In  cells  about  l-700th  of  an  inch  In  diameter; 
consisting,  when  tulf  developed,  of  a  striated.  |>yramidal  or  triangular  body 
growing  out  of  a  small  mass  of  granular  mucus  on  one  side  of  the  cell ;  when 
fully  develoi)ed  apparently  club-shaped. 

Sine.  About  1-llth  of  an  Inch  long  iind  l-31.Sth  of  an  Inch  In  Its  broadest 
diameter— tltat  Is.  In  tbe  middle. 

Hub.  Proboscis,  bead,  and  posterior  part  of  tbe  Bt)domen  of  the  common 
bouse  fly  (lUasca  aomesliea). 

Loc.  Island  of  Bombay. 

In  some  of  its  details  Carter's  description  is  rather  faulty,  and 
some  of  the  interpretations  placed  on  observed  structures  are  quite 
wrong.  For  example,  tlie  "  narrow  portion  "  of  the  esophagus  is 
the  pharynx,  and  the  "  hepatic  organ  "  is  part  of  the  esophagus  and 
not  a  structure  surrounding  the  anterior  third  of  the  intestine.  The 
"  dorsal  vessel "  is  apparently  one  of  the  lateral  lines,  or  perhaps  the 
lumen  of  the  esophagus.  The  *•  ovary"  and  "testicle"  are  misin- 
terpretations of  a  mass  of  cells  located  in  the  anterior  esophageal 
region,  probably  belonging  to  the  nervous  system.  The  genital  ducts 
and  pores  described  by  Carter  are  apparently  misintei^jretations  of 
the  excretory  pore  and  canals. 

Among  the  observations  Carter  notes  that  he  has  not  seen  the  ova 
in  their  fully  developed  state,  and  that  he  is — 

Ignorant  of  tbe  future  of  this  worm;  but  knowing  that  many  Entozoa  are 
nursed  in,  one  auimal  and  lay  their  eggs  in  another.  It  Is  not  Improbable  that 
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mouth  showed  3  slight  swellings,  with  two  small  papillse  on  each. 

The  esopha^s  consisted  of  an  anterior  short  portion  [pharynx],  0.05 

mm.  long,  which  was  enlarged  at  the 

mouth  to  form  a  funnel-shaped  vestibu- 

lum,  and  a  posterior  portion,  about  twice 

as  thicic  as  the  anterior  porti<m,  with  a 

very  muscular  wall  supplied  with  nu- 
merous small  nuclei.    The  esophagus  was 

relatively    long,    eleven-sixteenths    the 

length  of  the  body.     The  intestine  was 

yellowish    in    color,   thinner    than,  the 

esophagus,  and  composed  of  polygonal 

cells.     The  anus  was  0.07  uini.  from  the 

tip  of  the  tail.     The  posterior  end  of  the 

intestine  was  supplied  with  prominent 

cylindrical   granular   gland   cells.     The 

tail  was  gradually  attenuated  and  the    s"'"    a.— fworta   »(omaMc«    (em 
.  !■    1        ■■!  brjo)   from  stable  fly  (Stomoejis 

tip  supplied  with  very  caMlmnt,.  Enlarged.  Alter 
fine  rounded  ppines  or  LinBtow,  ibtb  a,  pu  3,  ag.  Z2. 
papilla  arranged  very  close  together. 

Linstow  at  tirst  believed  that  he  had  specimens 
of  lidhronenw  mitscte,  but  in  view  of  the  fact  that 
the  worms  from  Stomoxys  were  without  sexual 
organs,  had  six  oral  papiilse,  and  lacked  the  glob- 
ular swelling  on  the  tip  of  the  tail,  whereas  H. 
■muscm  as  described  by  Carter  was  sexually  mature, 

Via.  i.  —  FUaHa  had  4  oral  papilla',  and  had  a  spiny  globular  swelling 
on  the  tip  of  the  tail,  Linstow  con- 
cluded that  th'>  form  from  Sto- 
moxys was  a  different  species  and 
called  it  Filana  stomoxeos.  Al- 
though Linstow  considered  the  embryo  which  he 

found  in  Stomoxys  to  be  of  the  same  species  as 

the   larvae,   this   is   by   no   means   certain.     Xoe 
■  (1903  (7,  p.  392)  states  that  the  Filaria  stomoxeos 

of  Linstow  is  the  same  as  the  nematodes  found 

by  him  in  Stomoxys,  which  he  considered  to  be 

intermediate  stages  of  Filaria   lahiato-papiUosu 

of  cattle.     Xofe's  statements  have  Ijeen  commonly 

accepted,  but  as  a  matter  of  fact  it  is  impossible      —^   ^  —FiiarUi  iton- 

to  judge  definitely  from  the  data  given  whether        oje™  (lana).    tob- 

or  not  he   is  correct   in  his  opinion  as  to  the       .wter'unatow"  iV^s  a) 

identity  of  the  nematodes  and  as  to  their  being        "'■  •"■  ^g.  2i. 

intermediate   stages  of  Filaria  labiato-papillosa.     Froni   Linstow's 

description,  however,  it  would  appear  that  FUaria  stom^xeus  closely 
60016°— BuU.  163—13 2 
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resembles  Habronema  tnvuscasy  and  one  would  be  inclined  to  consider 
it  a  species  of  Habronema  rather  than  the  larva  of  FUaria  labiato- 
papulosa.  The  possibility  is  not  excluded  that  Filaria  atomoxeos  is 
the  larval  stage  of  Habronema  microstomM  (Schneider,  1866). 

Bartram  (1880  a)  noted  the  occurrence  of  small  worms  resembling 
vinegar-eels  in  the  heads  of  house  flies  and  wrote  to  the  editor  of  the 
American  Journal  of  Microscopy  inquiring  as  to  their  identity. 

Generali  ( 1886  d) ,  at  Modena,  Italy,  noted  the  occurrence  of  nema- 
todes in  house  flies,  stating  that  he  has  not  succeeded  in  finding  them 

in  other  species.  The  frequency  of  occur- 
rence, based  on  an  examination  of  250  flies 
during  the  summer  of  1884,  was  12.6  per  cent. 
Ordinarily  he  found  but  one,  rarely  two. 
in  the  same  fly ;  once  he  found  three,  and  once 
four.  The  parasites  were  located  in  the  head. 
They  appeared  to  be  larval  stages.  The  size 
given  was  1  to  1.5  mm.  in  length  and  40  to 
50  [X  in  width.  They  are  extraordinarily  ac- 
tive when  removed  from  the  fly.  In  salt  solu- 
tion (1  to  1,000)  they  continue  very  active 
during  the  first  24  houre ;  during  the  follow- 
ing day  their  movements  become  slower;  on 
the  third  day  they  move  slowly ;  on  the  fourth 
day  their  movements  practically  cease.  A 
larva  from  which  the  water  in  which  it  was 
immersed  had  evaporated  became  motionless, 
but  five  or  six  minutes  after  the  addition  of 
more  water  resumed  its  movements,  which 
continued  for  several  hours.  Generali  states 
that  it  is  conceivable  that  the  parasites  dur- 
ing their  embryonic  stage  penetrate  into  the 
fly,  but  that  he  had  found  only  the  one  stage 
of  development. 

Presumably  the  nematodes  found  by  Gen- 
erali were  Hahronema  muscce^  although  the 
final  larval  stage  of  this  species  is  much  longer  than  1  to  1.5  mm.,  the 
figures  given  by  Generali.  This  discrepancy,  however*,  is  probably 
the  result  of  an  error  in  measui'ement  and  is  insufficient  to  justify  one 
in  concluding  that  Generali's  nematodes  were  not  Habronema  musccs, 
Piana  (1897a)  in  connection  with  a  study  of  Displmragiis  nasutus 
was  led  to  examine  nematodes  found  in  the  heads  of  flies  in  order 
to  determine  whether  they  might  not  represent  larval  stages  of  the 
Dispharagus.  The  fly  nematodes  (figs.  6-8),  he  remarks,  may  be 
found  by  preparing  the  proboscis  of  the  common  fly  in  water  under 
the  microscope,  but  it  is  not  always  easy  to  find  them.    He  notes 


Flo.  6. — HaHyronema  musow 
from  fly.  X44.  After  Pl- 
ana, 1897  a,  fig.  15. 


that  in  certain  localities  and  at  certain  stages  of  the  fly's  life  the 
fiies  harboring  nematode  lan'K  in  the  proboscis  are,  to  say  the  least, 
very  rare,  but  that  in  other  localities  and  at  other  stages  infested 
flies  are  found  at  tJie  rate  of  20  to  30  per  cent.    He  observed  that 
when  the  larvie  are  freed  from  the  fly's  proboscis 
they  begin  to  swim  so  rapidly  in  a  serpentine  man- 
ner that  it  is  impossible  to  make  out  anatomical 
details.    By  poisoning  them  with  nicotine  he  ren- 
dered them  motionless  without  sensibly  altering 
their  structure.     A  lar\'a  thus  narcotized  measured 
2.68  mm.  long  and  0.08  mm.  broad.    The  form  was 
cylindrical,    tapering    gradually    toward    the    ex- 
tremity.    Width,  at  a  distance  of  0.036  mm.  from 
the  mouth,  0.036  mm.;  widtli  in  the  anal  region 
0.031   mm.;  amis  0.10  mm.   from   the  tip   of  the     p-t^  7._h«s,„„^„„ 
tail.     Tip  of  the  tail  blunt,  with  a  transverse  di-         maicm  from  ey. 
ameter  of  about  0.010  mm.     The  two  buccal  lips         x"''2o'^' After  n- 
found   in   Dispharagus   nasutu-n   are   absent.     The        ana,  i8»i  o,  ag. 
digestive  tract  presents  the  same  divisions  as  that'       ^^' 
of  />.  nasutus;  but  at  the  point  of  union  of  the  second  and  third 
sections  there  is  a  slight  dilatation  of  the  lumen  not  seen  in  Dia- 
pharagu8.    The  tail,  although  very  similar  to  that 
of  Dhpharagus  nasutus^  has  a  relatively  larger  apex, 
and  a  terminal  surface  covered  with  minute  chitin- 
ous  points.     In  view  of  the  diflference  between  the 
nematodes  of  the  fly  and  young  stages  of  Ditt- 
pbaragiis  nagutus  from  chickens.  Plana  concluded 
that  the  two  were  not  related.     Plana  observes  that 
the  nematodes  which  he  found  in  flies  in  their 
general  conformation  and  in  the  structure  of  the 
caudal  end  of  the  body  are  very  similar  to  those 
described   by   Carter.     Considering  the   similarity 
between  the  nematodes  found  by  Plana,  as  described 
miMca  from  if.     and  figuivd  by  him  and  HnhrojM^mn  iniisf^o'  as  de- 
roicerior    e  n  d ,     scribed  and  figured  by  Carter,  and  considering  also 
ana,  189T  o,  flg.     'he  fact  that  they  were  found  in  the  same  host  it 
"■  is  fair  to  assume  that  they  are  the  same  species, 

just  as  I  have  assumed  that  the  nematodes  which  I  have  found  in 
flies  belong  to  Carter's  species. 

AUTHO&'S  OBSERVATIONS. 

PKXQUENCT  OF  \JlRVJE  IN  FLIES. 

ADULT  FtTES. 

One  hundred  and  thirty-seven  flies,  of  which  a  statistical  record 
was  kept,  have  been  examined  by  the  present  writer  for  the  presence 
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One  hundred  and  seventy  larvie  were  examiDed,  28  of  which  may 
have  been  of  some  species  other  than  the  house  fly,  and  of  13  of  which 
in  an  experiment  had  fed  only  on  boiled  horse  manure.  Of  these 
170  larva-  only  1  was  found  to  be  infested.  This  small  number  of 
infested  larvae  found  is  explained  by  the  fact  that  it  is  extremely 
difficult  to  discover  the  young  stages  of  the  parasite,  a  difficulty  whidi 
is  greatly  aggravated  by  the  common  occurrence  of  numerous  small 
nematodes  of  several  species  on  the  surface  of  the  body  and  more 
rarely  in  the  alimentary  tract  of  fly  larvse. 

NUMBER   of   LARVAL  WORMS    IN    INDn'IDUAL   FLIES. 


Carter  noted  as  many  as  20  worms  in  one  fly.  The  most  which  I 
have  found  is  8.  Out  of  43  flies  of  which  a  record  as  to  the  number 
of  parasites  was  kept  25  had  but  1  parasite,  6  had  2  parasites,  0  had  3 
parasites,  3  had  4  parasites,  2  had  5  parasites,  and  1  had  8  parasites. 


In  23  infested  pupse  1  worm  was  found  in  15,  2  worms  in  5,  3  in  1, 
4  in  1,  and  6  in  1, 

In  1  larva  a  single  encysted  worm  was  found. 

LOCATION    IN    TIIE  BODY. 
ADULT   FLIES. 

A  record  was  made  of  the  location  of  the  parasites  in  the  case  of 
37  flies.  In  17  cases  the  head  was  infested,  in  8  cases  the  thorax,  and 
in  19  cases  the  abdomen.  In  12  cases  the  head  only  was  infested,  in 
4  cases  the  thorax  only,  and  in  15  cases  the  abdomen  only.  Simul- 
taneous infestation  of  the  head  and  thorax  occurred  in  2  cases,  of 
the  head  and  abdomen  in  1  case,  of  the  thorax  and  abdomen  in  2 
cases,  and  of  the  head,  thorax,  and  abdomen  in  1  case.  The  number 
of  worms  in  the  head  was  1  in  11  cases,  2  in  1  case,  3  in  1  case,  4  in  2 
cases,  a  in  1  case,  and  6  in  1  case.  The  number  in  the  thorax  was 
i  in  5  cases  and  2  in  3  cases.  The  number  in  the  abdomen  was  1  in 
11  cases,  2  in  4  cases,  3  in  3  cases,  and  5  in  1  case.  Encysted  larvse 
were  found  in  the  abdomen  in  6  flies,  in  5  of  which  no  worms  were 
present  in  either  the  head  or  thorax ;  in  the  remaining  fly  there  were 
larvie  iii  both  the  head  and  the  thorax.  All  of  the  flies  in  which  en- 
cysted larvn-  were  found  were  flies  which  had  recently  emerged.  In 
4  of  the  cases  in  which  the  head  was  infested  it  was  noted  that  larVEe 


were  present  in  the  proboscis,  5  in  1,  4  in  another,  and  1  in  tiie 
remaining  2  cases. 

PUPM. 

The  distribution  in  the  case  of  9  pupse  in  which  the  location  was 
recorded  was  as  follows: 

Abdomen  infested  9  times,  head  once,  thorax  once.  Simultaneous 
infestation  of  the  head  and  abdomen  and  of  the  head  and  thorax 
occurred  once  each.  Encysted  worms  were  found  in  11  out  of  23 
infested  pups?,  and  in  all  cases  in  which  the  location  was  recorded 
these  were  located  in  the  abdomen. 

BXPEHIMENT8  WTm  LARV.E  REMOVED  FROM   FLIES. 

In  August,  1909,  10  Babronema  larvse  taken  from  flies  caught  in 
the  laboratory  of  the  Zoological  Division  of  the  Bureau  of  Animal 
Industry  at  Washington,  D.  C,  were  placed  in  a  culture  medium 
composed  of  water  and  horse  feces  which  had  been  sterilized  by  boil- 
ing. Two  days  later  the  worms  were  all  quiescent  and  apparently 
dead.  June  10,  1910,  5  larvae  from  the  proboscis  of  a  fly  were  placed 
in  tap  water.  The  following  day  4  of  them  were  still  alive,  but  all 
were  dead  a  day  or  two  later.  June  13,  1910,  larvse  from  dead  flies 
were  placed  in  a  dish  containing  wafer  and  the  remains  of  the  dead 
flies.  These  larvse  were  still  alive  on  the  following  day,  but  suc- 
cumbed within  two  days.  Two  larv»  placed  in  a  moist  cell  with 
horse  feces,  June  22,  1910,  died  within  a  few  days.  A  few  other 
similar  experiments  were  carried  out,  the  details  of  which  can  not 
be  given,  as  the  notes  on  them. have  been  lost.  In  every  case,  how- 
ever, the  worms  died  within  a  very  few  days  without  undergoing  any 
further  development.  The  longest  period  of  survival  noted  was  be- 
tween .5  and  8  days,  in  the  ease  of  a  larva  removed  from  a  fly  Janu- 
ary 3,  1912,  and  placed  in  physiological  salt  solution.  The  worm 
wa.s  still  alive  January  8,  but  was  dead  January  11.  From  these  ex- 
periments it  appears  that  the  larvte  are  able  to  exist  for  only  a  limited 
period  when  removed  from  their  host,  thus  confirming  the  results 
of  the  experiments  made  by  Carter,  who  found  that  the  worms  lived 
but  a  few  hours  in  culture  media  of  water,  sugar  and  water,  sugar 
and  water  with  gum  acacia  added,  and  sugar  and  water  with  gela- 
tinized iVostoc  added.  As  no  indications  of  any  further  develop- 
ment of  the  worms  were  noted  in  any  of  the  experiments,  attempts  to 
grow  the  worms  in  cultures  were  abandoned  early  in  the  investi- 
gations. 

SURVIVAL  OF  LAHV*:   IN  DEAD  FLIES. 

Three  flies  which  died  June  10  or  11,  1910,  were  examined  June  13 
and  found  to  contain  living  larva;.  It  is  thus  evident  that  the  worms 
may  survive  in  flies  at  least  two  days  after  the  death  of  their  host. 


Dead  flies  were  not  noticed  in  the  stomachs  of  two  horses  examined 
at'Omsha  in  September,  1911,  but  in  one  of  them  several  fly  pupte 
were  observed.  If  horses  swallow  fly  pupffi,  the  chances  of  their 
swallowing  dead  flies  seem  equally  good,  and  hence  it  seems  quite 
certain  that  dead  infested  flies  are  an  occasional,  perhaps  a  common, 
source  of  infection. 

ESCAPE  OF  LARViR   FROM   PLIEft. 

June  14,  1910,  an  active  larva  was  observed  in  the  moisture  in  the 
bottom  of  a  jar  in  which  some  flies  had  been  confined  since  the  day 
before.  Many  of  the  flies  were  dead,  and  it  is  therefore  uncertain 
■whether  the  worm  escaped  before  or  after  the  death  of  its  host,  and 
it  is  also  uncertain  whether  the  host  fly  had  not  been  injured  in  such 
a  way  as  to  provide  an  exit  for  the  worm. 

The  escape  of  larvse  from  flies  into  water  or  into  moist  material 
liable  to  be  ingested  by  horses  is  a  possible  mode  by  which  infection 
of  the  final  host  may  occur,  but  the  fact  that  the  worms,  so  far  as 
observed,  are  unable  to  live  more  (han  a  few  days  outside  the  body 
of  a  host  goes  to  prove  that  this  is  not  a  normal  occurrence  in  their 
life  history. 

The  fact  that  the  probfwcis  is  a  favorite  location  of  the  larval 
worms  suggests  that  they  may  abandon  their  intermediate  host  in 
some  such  manner  as  Filaria  larvte  abandon  the  mosquito.  It  is 
conceivable  that  they  might  escape  through  a  slight  rupture  of  the 
proboscis  occurring  at  a  moment  when  the  fly  was  sucking  moisture 
from  the  mucous  membrane  of  a  horse's  lips,  after  which  they  could 
readily  reach  their  final  Jocation,  the  stomach.  As  yet,  however,  no 
evidence  of  such  an  occurrence  has  been  obtained. 


The  eggs  of  IlabroTiema  irtAiecir.  as  seen  in  the  uterus  of  the  gravid 
'female,  in  the  earliest  stage  of  development  are  elongated ■  with  very 
thin  shells,  40  to  50^  long  by  10  to  12(*  wide.  With  the  prepress  of 
development  of  the  embryo  they  become  longer.  At  a  stage  shown  in 
figure  9,  e,  in  which  the  embryo  is  doubled  on  itself  head  to  tail,  the 
egg  measures  80^i  in  length  by  nearly  12(ji  in  width,  and  at  a  little  later 
stage  {fig.  9.  /)  in  which  the  embryo  has  straightened  out,  becoming 
also  shorter,  the  eggshell  measures  87;i  in  length  and  of  about  the 
same  width  as  before.  Later  the  shell  becomes  rather  closely  applied 
to  the  body  of  the  embryo  except  on  one  side  in  the  posterior  region 
where  it  is  held  away  by  the  curving  tail.  The  embryo  (fig.  9, 
g,  h,  i)  now  measures  85  to  lOOji  in  length  by  5  to  7[i  in  width.  The 
anterior  end  is  rounded.     The  thickness  of  the  body  is  nearly  uni- 
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form,  except  that  it  begins  to  taper  in  the  posterior  third,  terminating 
in  a  pointed  tail  which  curves  forward  and  holds  the  shell  or  sheath 
of  the  worm  away  from  the  body  as  already  noted.  A  small  nucleus 
is  rather  conspicuous,  located  35  to  40ix  from  the  anterior  end,  and 
another  one  is  quite  commonly  to  be  seen  about  15|jl  from  the  tip 
of  the  tail.  The  contents  of  the  body  are  finely  granular.  The 
alimentary  canal  has  not  been  made  out. 

The  embryos  are  active  and  motile  when  alive. 
Undoubtedly  they  pass  out  of  the  body  of  the 
horse  in  the  feces.  Whether  they  undergo  fur- 
ther development  before  entering  fly  larvae  has 
not  been  determined,  nor  has  it  been  determined 
whether  they  forcibly  enter  the  intermediate 
host  or  whether  they  are  passively  swallowed. 
The  latter  seems  the  more  plausible. 

Embryonic  stages  definitely  recognized  as  be- 
longing to  Hahronema  muscce  have  not  been 
found  in  fly  larvae.  A  rhabditiform  embryo  was 
found  August  23, 1911^  in  a  fly  larva  from  a  cul- 
ture of  horse  feces  collected  August  9.  This  em- 
bryo (fig.  10),  in  process  of  molting,  measured 
275|i.  in  length  by  13|jl  in  width.  The  slender 
cylindrical  pharynx  was  15|i.  long.    The  esopha- 
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Fio.    9. — Eggs    and    embryos   of   Habronema    muBOw, 

X  310.    Original. 


Fig.  10. — Bhabditiform 
nematode  embryo 
( f  Hahronema  muscw) 
from  fly  lanra.  X  320. 
Original. 


gus,  75|i.  long,  had  a  toothed  posterior  bulb,  and  an  enlargement  just 
in  front  of  the  middle.  Just  behind  this  enlargement  there  was  a 
conspicuous  nerve  ring.  The  genital  primordium  was  160pt  from  the 
anterior  end.  It  is  possible  that  this  was  an  embryo  of  Habronema^ 
but  this  has  not  been  proved.  The  common  occurrence  of  nematode 
embryos,  and  of  small  free  living  adult  nematodes  as  well,  on  the 
exterior  surface  of  the  body  of  fly  larvae  renders  a  search  for  internal 
parasites  very  difficult,  in  view  of  the  fact  that  one  can  not  always  be 


sure  that  nematodes  found  in  dissecting  the  larvK  did  not  come  from 
the  exterior  of  the  body.  To  n  certain  extent  there  is  a  similar 
difficulty  in  the  case  of  pupee  and  adult  flies,  but  here  the  fact  that 
the  parasites  have  already  developed  to  a  considerable  size  enables 
one  to  distinguish  them  from  the  small  embryos  which  come  from  the 
exterior. 

LABV.G. 

Stage  1. — The  earliest  stage  in  flies  known  definitely  to  belong  to 
Habronema  was  first  found  in  a  pupa  from  a  culture  of  horse  feces 
collected  in  a  fresh  state  from  the  streets  of  Colorado  Springs, 
August  9,  1911.  The  pupa  was  examined  August  22,  and  hence  was 
not  over  2  weeks  old.  The  parasite  (fig.  11)  measured  about  450vi 
in  length  by  45|ji  in  width.  It  had  a  shallow  phamyx  or  mouth 
cavity,  followed  by  a  simple  esophagus 

160|j,  long,  which  increased  from  a  width  ' 

of  less  than  lOjji  anteriorly  to  a  width 
of  20ii.  at  its  posterior  end.  At  a  dis- 
tance of  about  70[«.  from  the  anterior 
end  of  the  body  the  esophagus  was  sur- 
rounded by  a  nerve  ring.  The  intestine 
at  first  exhibiting  an  enlargement  30^  in 
diameter,  soon  diminished  to  a  diameter 
of  20  to  25it,  a  size  approximately  main- 
tained until  it  joined  the  almost  spherical 
"or  pyriform  rectum,  which  measured 
about  30^  in  diameter.    The  wall  of  the      fio.   n.— ffabran'emii    muMs. 

rectum  exhibited  a  sort  of  foam  struc-  ^^^    *8'»f'   ".V""   ^ 

_,  ,  .  Ill  pup*-     ^  ^"f-    Original, 

ture.     The  anal  opening  was  closed,  and 

a  rounded  projection  occurred  at  this  point.  The  body  at  the  anus 
measured  about  40(i  in  thickness,  and  tapered  suddenly  to  the  blunt 
tip  of  the  tail,  which  was  about  -tOn  from  the  anus.  Comparatively 
large,  prominent  nuclei  were  distributed  throughout  the  body,  in  the 
esophagus,  intestine,  and  body  wall. 

The  larva  was  in  process  of  molting  or  about  to  molt,  and  the 
old  cuticle  separated  somewhat  from  the  body  was  visible  at  the 
anterior  end. 

Later,  that  is,  on  August  26.  a  nematode  in  the  same  stage  of 
development,  and  of  the  same  structure,  about  400ii  long  by  40ia  thick, 
with  an  esophagus  about  14(V  long,  was  found  in  a  fly  larva  from 
the  same  culture.  This  nematode  was  contained  in  a  thin-walled 
splierical  cyst,  and  it  is  probable  that-the  worm  found  in  the  pupa 
was  also  encysted. 

CiOie"— Bull.  163—1.3 3 
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Stage  S. — The  development  from  stage  1  into  the  next  stage  con- 
fiisU  principally  in  an  increase  in  length  without  much  change  in 
width  and  in  a  slight  change  in  the  structure  of  the  oral  end.  The 
stage  designated  as  No.  2  is  shown  in  figure  12,  The  worm  liere 
figured  was  found  in  the  abdomen  of  a  pupa,  August  26,  which  had 
developed  in  a  culture  of  horse  feces  collected  August  9,  This  worm 
vas  inclosed  in  a  thin-walled  cyst.  As  in  the  preceding  stage, 
numerous  small  nuclei  are  conspicuous  in  the  body  wait  and  ali- 
mentary tract.  The  length  of  this  worm  is  nearly  1  mm.  and  the 
maximum  width  about  '>0>i.  The  esophagus  instead  of  immediately 
following  the  small  oral  cavity  is  now  separated  from  it  by  a  very 
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Pia.  12. — BabroHcna  matcir. 
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slender  pharynx  about  12;»  long.  A  clear  space  surrounds  the 
pharynx,  and  extends  to  the  body  wall.  The  esophagus  has  the 
same  structure  as  in  the  preceding  stage  but  is  longer,  itw  base  being 
about  300/x  from  the  anterior  end  of  the  body.  It  is  surroimded  by 
a  mass  of  nuclei  in  the  second  one-fifth.  The  intestine  is  enlarged 
at  its  origin,  then  diminished  to  a'  diameter  of  about  25jii,  which  is 
maintained  until  it  joins  the  rectum,  which  is  about  30/i  in  diameter. 
Nuclei  like  those  seen  in  the  wall  of  the  remainder  of  the  alimentary 
tract  are  absent  from  the  rectum.  The  anus  is  closed  and  presents 
a  rounded  projection  as  in  stage  1.  Against  the  wall  of  the  intestine 
about  600;jL  from  the  anterior  end  of  the  body  there  is  an  elongated 
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nucleated  mass,  about  3%  long,  evidently  the  genital  primordium. 
The  tail  of  the  worm  is  bluntly  pointed  as  in  stage  1,  and  the  anus 
is  about  4d(i,  from  the  tip. 

Stage  S. — Following  stage  2  the  parasite  evidently  slieds  its  skin 
and  abandons  its  cyst.  It  increases  in  length  and  in  thickness.  T)ie 
prominent  nuclei  of  the  alimentary  tract  and  body  wall  are  no  longer 
evident,  the  esophagus  shows  a  differentiation  into  two  parts,  h 
fahorter,  narrower,  more  transparent  anterior  portion  and  a  longer, 

thicker,  granular   posterior  portion, 

and    the    pharj-nx    becomes   longer. 

Stage  .3  is  shown  in  figures  13,  14. 

The  worm  figured 

was     taken     from 

the  abdomen  of  u 

newly  emerged  fly 

August   30   which 

had  been  bred  in 

a  culture  of  hoi-se 

feces  collected  Au- 
gust 9.   This  worm 

measured  about  2.2 

mm.  in  length  by 

about  70(ji  in  width, 

which  was  nearly 

uniform  through- 
out   most    of    its 

length,     becoming 

slightly     less     to- 
ward the  anterior 

end.     The  slender 

pharj-nx  measured 

about  38iji  in  length 

and  was  .surround- 

1     ed  by  clear  spaces. 

FIG.  ix-BUbrf^^a  m,i,<:<^.    Larra    The  anterior  clear       ^j^J^^-ln "J,/"" 

(Btw  8)   from   abdomen  of  newly     portion     of     the         v  "-10     OHirtnal 
emerged  flj.      X    47.      OHglnal.  ,  '.  a.        ■ 

esophagus  meas- 
ured about  lOOn  in  length  by  15[t  in  diameter,  and  at  its  junction  with 
the  second  portion  of  the  esophagus  was  surrounded  by  a  nerve  ring. 
The  second  portion  of  the  esophagus  at  its  beginning  was  enlarged 
rather  suddenly  to  a  diameter  of  25i*  and  then  more  gi-ndually  to  a 
maximum  of  about  32ti  near  its  posterior  end.  In  the  neighborhood 
of  the  nerve  ring  the  end  of  the  first  portion  and  the  beginning  of  the 
second  portion  are  surrounded  by  a  mass  (about  IOOijl  long)  of  promi- 
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nent  large  nuclei.  The  posterior  end  of  the  esophagus  was  about  720|i 
from  the  anterior  end  of  the  body.  The  intestine,  about  30|x  in  diame- 
ter, varied  little  in  size  until  the  rectum  was  reached.  The  rectum  was 
short,  slightly  larger  than  the  intestine  and,  as  in  preceding  stages, 
was  closed  to  the  exterior  by  a  rounded  operculum-like  structure 
which  projected  outward  at  the  anus.  The  anus  was  about  lOOji 
from  the  tail,  which  diminished  gradually  in  thickness  from  the  anal 
region  and  terminated  in  a  rather  blunt  point    This  worm  wa^  about 


I  mm.  I  mm. 

Fiu.  IK. — habroncwa  niaica.     Lgrva  (Stage  Fia.    16. — MabroHeoia    timtra:      Larva 

4)   from  Hbdomen  of  dpwIj'  emerB«d  Oy.  (Btage    G>    from    ibortx   of    D«<cly 

X   47,      DrlglnDl.  emerged  fly.      X  40.     Orielnal. 

to  molt,  a.s  an  outer  and  an  inner  cuticle  were  plainly  evident  in 
certain  regions  of  the  body. 

Stage  Jf — Between  stages  3  and  4  another  molt  evidently  ocrurs. 
The  vacuoles  surrounding  the  pharynx  disappear  and  the  esophagus 
increases  slightly  in  length.  The  entire  worm  becomes  somewhat 
longer.  The  anal  operculum  remains.  The  worm  shown  in  fig.  15 
was  taken  August  25  from  the  abdomen  of  a  newly  emerged  fly  bred 
in  horse  feces  collected  August  9.    The  length,  not  allowing  for  the 


curved,  condition  of  the  worm  inside  the  outer  cuticle,  is  about  2.2 
mm.  and  the  maximum  width  about  70|jl  The  pharynx,  which  is 
now  no  longer  closed  as  in  preceding  stages,  measures  about  45|ji  in 
length.  The  posterior  end  of  the  esophagus  is  about  SOOn  from  the 
anteriw  end  of  the  body,  both  the  anterior  and  posterior  portions 
being  slightly  longer  than  in  the  preceding  stage.  The  nerve  ring  is 
about  170p,  from  the  anterior  end  of  the  body.  Four  small  papillsc 
are  evident  on  the  head.  The  anus,  still  closed,  is  about  SOijl  from 
the  tip  of  the  tail,  which  is  similar  in  shape  to  that  of  the  preceding 
stage.     The  worm  is  about  to  molt. 

Stage  5. — This  stage  follows  stage  4  after  an  intervening  molt. 
The  pharynx  is  not  so  widely  open,  the  esophagus  is  longer,  the  en- 
tire worm  is  somewhat  longer  and  thicker,  and  the  spiny  tail,  a  con- 
stant feature  of  the  next  following  stage,  becomes  evident  beneath  the 
outer  cuticle.  The  length  of  the  worm  shown  in.figure  IG.  which  was 
taken  August  28  from  the  thorax  of  a  newly  emerged  fly  bred  in 
horse  feces  collected  August  9,  is  about  2.5  mm.  The  maximum 
breadth  is  about  T.'iti.  The  length  of  the  pharynx,  whose  cylindrical 
cavity  is  somewhat  narrower  than  in  the  preceding  stage  (fig.  15),  is 
about  45[i.  The  posterior  end  of  the  esophagus  is  about  1  mm,  from 
the  anterior  end  of  the  body,  both  portions  of  the  esophagus,  but  par- 
ticularly the  posterior  portion,  being  somewhat  longer  than  in  the 
preceding  stage.  The  same  is  still  closed,  and  is  about  SOii.  from  the 
tip  of  the  tail.  Just  prior  to  the  molt  which  leads  to  stage  6,  the 
spines,  characteristic  of  the  final  larval  stages,  appear  on  the  tip  of 
the  tail  beneath  the  outer  cuticle.  The  rectum  is  distended  as  in  all 
the  preceding  stages. 

Stac/e  6. — In  flies:  In  this  stage,  which  is  the  final  larval . stage, 
and  the  stage  which  the  worms  are  usually  in  when  found  in  the  head 
or  proboscis  of  infested  flies,  the  length  varies  from  2.6  to  3.2  mm. 
and  the  width  at  the  widest  part  from  55  to  70(1.  The  width  is  nearly 
imiform  in  the  region  between  the  beginning  of  the  second  part  of 
the  pharynx  and  the  middle  of  the  body,  tapering  posteriorly  and 
at  the  anterior  end.  The  head  is  rounded,  and  the  tail  pointed  with 
a  small  rounded  tip  ornamented  with  tiny  spines  (fig.  19).  Small 
papilla,  at  least  four  and  apparently  six  in  number,  may  sometimes 
be  made  out  on  the  head.  The  pharynx  is  cylindrical,  about  four 
times  as  long  as  broad.  The  anterior  portion  of  the  esophagus  is 
less  than  half  the  average  width  of  the  posterior  portion  and  about 
one-fourth  the  length  of  the  latter.  The  anus  in  this  stage  is  no 
longer  closed.  The  worm  shown  in  figures  17  and  18,  taken  August 
28  from  the  head  of  a  newly  emerged  fly  bred  in  horse  feces  collected 
August  9,  measures  about  S  ram,  in  length.  The  pharynx  is  45[a 
long  by  12/1  in  width.    Width  of  body  at  base  of  pharynx,  50;i.;  nerve 


ring  15U(*  irom  tiie  anterior  end  ol  body;  diameter  of  body  at  nerve 
ring,  65/1.  The  anterior  portion  of  the  esdphagu?  is  slender,  averag- 
ing about  Hit  in  width;  its  length  is  200(jl.  The  posterior  end  of  the 
esophagus  is  1  mm.  from  the  anterior  end  of  the  body.  The  width  of 
its  posterior  portion  varies  from  about  25^  a  short  distance  behind 


PiO.  17.— Hntronema  muica.  Larya 
(Stage  6)  Irom  head  of  newl; 
emerged  fly.      X  *6.     Original. 
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bent  dorsaiwards.  under  hign  magnmcation  a  tew  small  short  longi- 
tudinal ridges  may  be  seen  on  the  inner  surface  of  the  pharynx  at 
its  anterior  end.  These  are  faintly  evident  in  figure  18.  The  mass 
of  nuclei  posterior  of  the  nerve  ring  shown  in  this  figure  are  a  con- 
spicuous feature  of  the  worm  at  this  stage.  It  is  these 
nuclei  which  were  misinterpreted  by  Carter  as  repro- 
ductive organs. 

In  horses:  The  final  larval  stage  in  the  fly  is  the 
first  stage  of  development  in  which  the  worm  is  found 
in  tlie  horse.  Worms  in  this  stage  were  found  among 
numerous  individuals  collected  from  the  stomach  of  a 
horse,  September  7,  1911,  at  Omaha,  Xebr.  Examina- 
tion of  the  worms  from  this  horse  showed  two  or  three 
specimens  of  a  Triekostrongylus,  but  most  of  them 
were  filarioid  worms  in  vari- 
ous stages  of  growth,  the 
adults  all  belonging  to  a 
single  species  very  similar 
to  Spiroptera  Tnicrostoma. 
The  relative  sizfe  of  several 
worms  from  this  horse  an> 
filiown  in  figure  23,  c^^^~ 
The  fact  that  the  adults 
were  all  of  one  species,  and 
that  the  younger  stages 
formed  a  series  between  the 
adult  on  one  hand  and  the 
larval  Habronema  muscw 
on  the  other  showed  quite 
clearly  that  Habronema 
mtisrn' '  of  the  fly  is  the 
larval  stage  of  a  parasite 
whose   adult  occurs   in   the 

stomach  of  the  horse.  This  parasite,  as  shown  Inter, 
though  similar  to  Spiroptera  mii-fostoma,  is  distinctly 
different  from  this  form.  Under  the  rules  of  nomen- 
clature it  takes  the  name  ffabronema  mitsc(e,  and 
Spiroptera  ml/Tostoma,  with  which  it  is  congeneric, 
becomes  Habronema  microstoitw,  as  noted  on  my  pre- 
liminary report  (Ransom,  1911). 

It  is  fair  to  presume  that  Habronema  microstoma 

has  ft  life  history  similar  to  that  of  //.  musric,  and  as 

already  noted  it  may  be  that  the  form  from  Stomoxys 

ralcitrans  called  Filariu  stomoxeoa  by  Linstow  is  the 

larval  stage  of  H.  microstoma. 

The  infection  of  horses  with  H.  muscte  is  apparently  brought  about 
by  the  swallowing  of  infested  flies.    That  horses  actually  swallow 
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flies  is  a  fact  evident  to  anyone  who  has  observed  horses  during  the 
fly  season.    The  swallowing  of  dead  flies  as  a  possible  method  of  in- 
fection has  already  been  mentioned,  and  the  possibility  that  the 
worms  may  escape  from  the  proboscis  while  the 
fly  in  feeding  on  the  moist  mucous  membrane  of 
a  horse's  mouth  has  also  been  noted. 

The  larva  shown  in  figures  20  to  22  exhibits  no 
further  development  beyond  the  Hnal  stage  of  de- 
velopment found  in  the  fly  except  a  slight  in- 
crease in  length  and  thickness,  and  it  is  considered  . 
unlikely  that  an  intervening  molt  has  occurred. 
The  length  is  3.7  mm.  The  pharynx  is  45^1  long. 
Width  of  body  at  the  base  of  the  pharynx,  50it. 
Nerve  ring  160n  from  the  anterior  end  of  the 
body.  Widthof  body  at  nerve  ring  sop-  Length 
of  first  part  of  esophagus  175(ji,  Base  of 
esophagus  1.05  mm.  from  anterior  end  of 
body.  Width  of  body  at  base  of  esophagtis  and 
at  middle  of  body  90^1;  anus  125^1  from  the  tip 

' jqqTJ '    of     the    tail.     Diameter     {dorsal- vraitral)     of 

Fio.    21.-  iiabronrmo    bo<ly  at  anus,  50^.    The 
munen-    Larvu  laujw    Ijttle  ridges  at  the  an- 

G|    Irom    Htomacli    of  .  ,       »  ,■  l 

horse.  ,\n(erior  end.  tenor  end  oi  the  pnar- 
X  -.IT.-..  oriKinai.  j-,jj(^  sometimes  appar- 
ent in  larvfc  from  flies,  were  plainly  evi- 
dent in  this  specimen.  The  tail  is  bent 
dorsalwards  as  in  the  final  larval  stage 
found  in  flies.  This  worm  is  evidently 
nearly  ready  to  molt.  The  worm  shown 
in  figure  23,  c,  which  is  in  the  same  stage 
of  development,  though  somewhat  t^maller, 
measuring  only  S.r)  mm.  in  length,  is  also 
ready  to  molt. 

L.\T£B    lUUATUBR    STAGES   IK    ttOBSEB. 

The  first  molt  of  the  worm  during  its 
development  in  the  horse  is  accompanied  I-  ^ 

by    no    appreciable   change    in    structure.     „      „„     „  . 

■■  •'^  ,-.»i  r     t  ^"*-    22- — ""ft™"*""     muter. 

Even  the  spiny  condition  of  the  tip  of  the  Lana  (stam  oi  trom  Htom- 
tail  is  retained.  Such  a  worm  is  shown 
in  figure  23,  d.  Tlie  esophagus  is  rela- 
tively a  little  shorter,  and,  as  shown  in  figure  23,  e-?,  becomes  rela- 
tively still  shorter  in  later  stages  of  development.  In  stages  later 
than  that  shown  in  figure  23,  d,  the  spiny  knobbed  tail  is  no  l<mger 
present. 


acb  at  b' 
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Apparently,  at  least  four  molts,  and  possibly  five,  occur  in  the 
development  of  the  worm  in  the  horse,  between  the  earliest  stage 


and  the  adult.  All  five  of  the  worms  shown  in  figure  23,  c-^,  are  in 
process  of  molting.  The  two  shown  in  figure  23,  c,  d,  liave  spiny  tails, 
a  character  which  has  disappeared  in  those  shown  in  figure  23,  c^. 


The  one  shown  in  figure  23,  /,  has  the  position  of  the  vulva  evident 
beneath  the  old  cuticle.  A  stage  cloeely  following  the  one  shown  in 
figure  23,  /,  is  shown  in  figure  23,  g.  In  this  worm  the  vulva  opened 
to  the  exterior. 


the  region  of  the  vulva  from  250  to  4O0p-    tlabrcnema  mierostorna, 
in  the  case  of  the  male  (fig.  25,  a,  c)y  varies  in  length  from  9  to  16 
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mm.  (11  to  22  mm.,  Schneider)  and  from  250  to  300^  in  maximum 
width,  which  is  attained  at  a  point  some  distance  posterior  of  the 


base  of  th«  esophagus.    The  female  H.  microstoma   (fig.  25,  6,  d) 

varies  in  length  from  15  to  25  mm.  and  in  width  (at  the  vulva)  from 
330  to  SOOii.  Ilabronema  m,usc<E  thus 
averages  somewhat  smaller  in  size  than 
H.  microstoma.  In  both  species  there 
is  a  marked  transverse  striation  or  cor- 
rugation of  the  cuticle.  The  general 
plan  of  the  head,  mouth  parts,  pharynx, 
and  esophagus  is  the  same  in  both 
H.  m^usriF  (figs.  26,  2T)  and  H.  micro- 
stoma (figH.  28,  29),  but  in  the  details 
of  these  structures  there  are  certain  dis- 
tinct differences.  The  head  of  the  latter 
has  a  broader,  squarer.  more  truncate 
appearance.  In  both  the  mouth  is 
bordered  by  2  lateral  trilobed  lips,  or 
if  differently  interpreted  by  2  lateral 
and  4  submedian  lips.  The  head  is 
armed  with  2  lateral  and  4  submedian 
papillte,  the  latter  being  situated  some- 
what posterior  of  the  former.  From  a 
lateral  view  the  middle  lobe  of  each  lateral 
lip  presents  a  nearly  quadrangular  out- 
line, with  the  lateral  papilla  near  its  an- 
terior border. 

The  pharynx  whose  structure  is  some- 
what complicated 
is  smaller  and 
relatively    more 

slender  in  //.  muscm  than  in  H.  microstoma. 

In   both   species   it    is  compressed   laterally. 

In  II.  microstoma  a  tridentate  process,  not 

present  in  //.  mnsc/p,,  projects  into  the  inoulh 

cavity  from  the  dorsal  wall  of  the  anterior 

part  of  the  pharynx,  and  a  similar  process  is 

present  on  the  ventral  wall. 

In   the  adult   as  in  the  larval  //.  mimctp 

the  esophagus  is  distinctly  di^-ided  into  two 

parts,  a  narrow,  short  anterior  portion  and  a        i , 

broader,  longer  posterior  portion.     The  slen- 
der anterior  portion  is  surrounded  by  a  nerve 

ring  about  300n   (in  the  female)   from  the 

anterior  end  of  the  body,  and  in  the  region 

of  the  nerve  ring  there  is  a  pair  of  short, 

slender,  bristlelike  cervical  papillic   (fig.  26).     The  nerve  ring  and 

cervical  papillie  in  H.  microstoma  are  located  300  to  350^   (in  the 


100^. 


F:g.  26. — HabronemM  "ii 
Anlwlor  VDd  of  adult.  D 
rrom  sperlmea  sbown  li 
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'IQ.  27. — Hahntnema  mktnr. 

LatemI  v1»w.  Drnim  From 
specimen  sbown  Id  Oj;.  24, 
D.     X  280.     Original. 


female)  from  the  anterior  end  of  the  body  (fig,  28).  The  distance 
from  the  anterior  end  of  the  body  to  the  base  of  the  esophagus  varied 
in  several  specimens  (females)  of  H.  muscm  from  2.3  to  3.5  mm.  In 
females  of  H.  microstoma  this  distance  varied  from  3  to  3.8  mm. 

In  both  H.  musccE  and  H.  microstOTna  a  narrow  lateral  membrane 
begins  posterior  of  the  left  cervical  papilla  and  extends  backward  - 
along  the  left  side  of  the  body.    In  the  male  it  extends  to  or  even 
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beyond  the  middle  of  the  body  and 

in  the  female  it  ends  within  a  short 

distance  in  front  of  or  behind  the 

vulva.     A   lateral  membrane  on  the 

right  side  of  the  body  is  lacking. 

The  unusual  circumstance  in  which  a 

lateral  membrane  occurs  on  one  side 
riu.io. — iMaojonemaintcToitoma.    An-         ,      .        .      ,  i  >- 

tertor  end  of  adult.    DrawD  from     OX   tlie   body   and   a   Corresponding 
HpecimeD    shown    In    Bg.    25.    6.     membrane  is  absent  from  the  other 

X  280.     OtiBlnal.  J       l  i  *    j     ■        .|  / 

Side  has  been  noted  in  tlie  case  of 
Ardtienna  stron^ylijia  hy  Schneider  (1866  a)  and  others. 

The  tail  of  the  male  curves  vcntrally  in  both  B.  musc<f  and  H. 
microstoma,  usually  describing  a  single  turn  of  a  spiral  (figs.  30,  31). 
Narrow,  almost  symmetrical,  bursal  wings  are  present,  measuring 
about  500/i  in  length  and  extending  to  the  tip  of  the  tail  in  both 
species.     Stalked  genital  papillae,  pre-anal  and  post-anal,  are  present 


In  H.  muscw  there  are  four  pairs  of  pre-anal  papillie,  two  pairs  of 
which  are  ad-anal  rather  than  pre-anal.  On  the  right  side  of  the 
hursa  there  is  one  post-anal  papilla,  about  half  way  between  the  anus 
and  the  tip  of  the  tail,  and  on  the  left  side  a  papilla  in  a  correspond- 
ing location.  A  short  distance  in  front  of  the  latt«r  and  nearer  the 
median  line  is  another  papilla.    A,  corresponding  papilla  on  the  right 
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Fia.  30. — finbronema  muieo.     TaU  of  male.      Lateral  view.     Drawn  from  speelmei)  fbown 
Id  fig.  24,  c.      X  80.      OrlglnBl. 

side  of  the  bursa  is  lacking.  The  arrangement  of  the  papillee  will  be 
better  understood  from  the  figures  than  from  a  description  (figs. 
30,32). 

In  /I.  microstoma  there  are  four  pairs  of  pre-anal  papillse,  those  of 
the  left  side  being  somewhat  further  anterior  than  those  of  the  right 
side.    Instead  of  three  post-anal  papillae,  as  in  H.  miiscte,  there  are 
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four.  On  the  left  side  there  is  one  near  the  anus,  and  another  a  short 
distance  posterior  of  this  one.  The  two  post-anal  papillae  on  the  right 
side  are  close  together  and  not  far  removed  from  the  tip  of  the  tail. 
The  arrangement  of  the  genital  papillae  is  shown  in  the  figures  (figs. 
81,33,34). 

In  both  n.  rwuacm  and  H.  microstoma  the  ventral  surface  of  the 
tip  of  the  tail  of  the  male  is  supplied  with  a  cluster  of  very  small 
papillae,  six  of  which  are  somewhat  more  prominent  than  the  others. 
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Fio.  36. — Hahronema  micro9ioma.  Spicules 
and  giibernnculum  of  male.  Drawn  from 
specimen  shown  in  figs.  25,  a,  and  33. 
X   160.     Original. 


FiQ.  35. — Hahronema  muacw.  Spicules  and  gu- 
l)ernaculum  of  male.  Only  a  portion  of  the  left 
spicule  is  shown.  Drawn  from  specimen  shown 
in  figs.  24,  c,  and  30.     X   160.     Original. 


In  all,  there  are  10  or  12  of 
these  papillae.  They  are  con- 
siderably larger  and  more  con- 
spicuous in  11.  mttscw  than  in 
77.  7nicro8tom>a. 

The  cuticle  on  the  ventral 
surface  of  the  posterior  por- 
tion of  the  body  of  the  male, 
beginning  about  a  millimeter 
to  a  millimeter  and  a  half  from 
the  tip  of  the  tail,  is  marked 
by  numerous  longitudinal  scal- 


loped ridges ;  in  fact,  the  entire  ventral  face  of  the  bursa  is  marked 
with  delicate  longitudinal  ridges  and  small  vesicular  excrescences 
having  a  linear  arrangement. 

The  spicules  in  II,  rrmsccF  (figs.  30,  35)  are  quite  dissimilar.  The 
left  spicule  is  long,  slender,  about  2.5  mm.  in  length,  about  lOji-^in 
diameter  near  its  proximal  end,  tapering  to  a  sharp  point,  and 
measures  about  5|i  in  diameter  at  its  middle.    The  right  spicule  is 
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shorter  and  thicker,  about  500(1.  long,  tapering  tiom  a  thickness  of 
about  20it  near  its  proximal  end  to  a  point  posteriorly,  and  measuring 
about  lOit  at  its  middle.  Near  the  anal  opening  the  spicules  are  f;ur- 
rounded  by  a  small,  irregularly  shaped  gubemaculum. 

The  left  spicule  of  //.  microstoma  (figs. 
31,  33,  36)  is  much  shorter  and  thicker 
than  that  of  II.  mngcfp.  It  measures 
about  800[*  in   length,  tapering  from  a 


lUU>ti  J 

P"1Q.  'AT.—Habronema  miunr.  Region  of  TUlra  of 
female.  Dravn  from  Hpeclmeu  Bboim  la  fig.  2S.  < 
X  160.      OrlglmLl.  f^^  25_  ^       ^  8„      Original. 

diameter  of  about  20iJ.  near  its  anterior  end  to  a  diameter  of  8^  at  its 
posterior  end,  and  measuring  about  15n  in  diameter  at  its  middle. 
The  right  spicule  has  a  length  of  about  350(ji,  and  a  diameter  of  about 
15|>L  near  its  anterira:  end.    It  increases  in  thickness  posteriorly,  reach- 


34  IJ7E  HIdTOBY  OF   UABBONEMA   MUSCS. 

ing  a  diameter  of  about  20|i  at  its  middle,  then  decreases  again,  and 
terminates  in  a  point  with  a  small  barb  about  G^  from  the  tip.  Near 
the  anus  the  spicules,  as  in  ff.  musoF,  are  surrounded  by  a  small, 
irregularly  shaped  gnbemacnlum. 

In  //,  muec<B  the  vulva  is  located  about  a  third  of  the  length  of  the 
body  from  the  anterior  end  (figs.  23.  24,  a-) :  in  fl.  microstoma  the 
distance  of  the  vulva  from  the  anterior  end  is  slightly  over  a  third 
the  body  length  (fig.  25,  x).  The  vulva  of  //.  mugc(F  in  very  small 
(fig.  37),  and  is  displaced  dorsalward  out  of  the  usual  mid-ventral 
position.     It  may  be  dorsal  in  position,  or  may  even  be  displaced  still 


-^ 
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TulTa  of  (E  mill  p.  Drawn  from 
■bown  tn  flgx.  2S,  b,  aad  29. 
Original. 
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further  and  be  located  on  the  left  side- of  the  body  a  slight  distance 
dorsal  of  the  lateral  membrane.  A  somewhat  similar  displacement  of 
the  vulva  has  been  noted  by  Ciurea  in  Arduenna  strongylina.  The 
distal  portion  of  the  vagina  measures  not  over  15|«.  in  diameter  and  is 
without  a  muscular  sheath.  From  the  vulva  it  passes  transversely 
halfway  or  more  {according  to  the  degree  of  displacement  of  the 
vulva)  around  the  body  beneath  the  cuticle  in  the  superficial  portion 
of  the  body  wall,  then  enters  the  body  cavity,  becoming  clothed  with 
a  muscular  layer,  and  passes  posteriorly,  joining  the  two  uteri  about 
1,5  mm.  posterior  of  the  vulva.  Including  the  muscular  sheath,  the 
diameter  of  the  vagina  after  it  enters  the  body  cavity  is  about  4.5(1. 
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In  B.  mdcrostoma  the  vulva  is  rather  large,  its  diameter,  including 
its  chitinous  margin,  being  about  30(ji  (figs.  38, 39) .    It  is  not  displaced 
more  than  very  slightly  from  the  mid-ventral  position,  if  at  all.    The 
vagina  passes  inward  and  backward,  then  curves  forward  for  a  very 
short  distance,  and  backward  again,  entering  the  body  cavity,  and 
continuing  then  in  a  straight  course  posteriorly  to  join  the  terminal 
portion  of  the  two  uteri.     The  vagina,  in  the  region  of  the  short 
S-shaped  curve,  is  surrounded  by  a  globular  mass  of  muscular  tissue. 
This  muscular  mass,  150  to  200tJi  in  diameter,  is  a  conspicuous  structure 
in  transparent  specimens,  located  immediately  posterior  of  the  vulva. 
The  vagina,  throughout  its  course 
posteriorly    from    the    globular 
muscle  mass  which  surrounds  its 
distal  portion  to  the  uteri,  is  sur- 
rounded   by    a    muscular    layer. 
Including  this  layer,  its  diameter 
is  from  40  to  SOii..    The  length  of 
the  vagina-,  measured  in  a  straight 
line  from  the  vulva  to  the  point 
where  it  joins  the  uteri,  is  about 
1  mm. 

H.  mugc(p.  is  thus  quite  differ- 
ent from  H.  microstoma  with 
regard  to  the  vulva  and  vagina. 
The  vulva  is  much  smaller,  the 
vagina  passes  halfway  around 
the  body  before  entering  the 
hody  caiity,  and  is  without  the 
distal  S-shaped  curve  surrounded 
by  a  muscle  bulh.  These  charac- 
teristic features  of  H.  mvscae  are 
already  evident  in  young  worms 
7  mm.  long,  which  have  not  yet  undergone  the  fourth  molt  in  their 
development  in  the  horse. 

The  tail  of  the  female  is  very  similar  in  H.  mu»c<e  (fig.  40)  and 

H.  microstoma  (fig.  41},  rather  plump,  with  rounded  tip,  and  more 

or  less  curved  dorsalward,  the  post-anal  portion  measuring  300  to 

350^1  in  length  in  H.  musca  and  slightly  more  in  H.  microstoma. 

ASDENDtTK. 

SlDC«  July  15,  1912,  wben  tbe  mHDUscrlpt  of  this  bulletin  was  completed  and 
submitted  for  publication,  two  nrtlcles  containing  references  (o  Habnrnema 
bave  come  to  hnnd. 

Seurat  (1912,  778)  reports  the  occurrence  of  both  H.  miune  and  H.  microi- 
toma  In  boreea  and  mnlea  In  Algiers,  and  describes  and  figures  tbe  ovljector  In 
both  species. 

Johnston  (1912,  76)  reports  the  presence  of  Habronema  muscte  In  J/ksco 
domfgtica  at  Brisbane  and  In  M.  domeatica  and  etomoxj/a  calcitrant  at  Sydney, 
Australia. 


100/1 

—Habronema  microiloma.    Tall  of 

l.ileral  view.      Drnwn  from  speri- 

bowD    In    QgH.    2S,    b,    20,    aod    30. 
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A  FOREWORD. 


Mr.  B.  H.  Rawly  chief  of  the  Dairy  Division,  under  whose  imme- 
diate supervision  the  important  facts  of  this  combined  ''cow  census '^ 
are  collected  and  presented  in  the  form  of  a  Government  bulletin,  has 
asked  me  to  say  a  few  words  concerning  this  enterprise. 

This  census  work  was  inaugurated  for  the  reason  that  there  was 
nowhere  to  be  found  a  basis  of  fair  and  comprehensive  calculation  as 
to  the  economic  relation  of  the  dairy  fanners  of  the  United  States  to 
their  business.  The  farmers  kept  no  records.  There  were  no  bureaus 
of  statistics  that  thought  it  worth  while  to  look  into  these  conditions. 
Neither  the  Federal  Government  nor  the  States  established  agencies 
of  inquiry  and  analysis.  Everywhere,  from  the  farmer  to  the  State 
and  General  Government,  it  was  guesswork  and  only  guesswork  as  to 
the  actual  relation  of  the  cow  to  the  farmer. 

Serious  discontent  was  felt  in  the  dairy  ranks  everywhere.  Some- 
thing was  wrong.  I  very  strongly  suspected  that  a  broad,  compre- 
hensive, and  thorough  investigation  would  show  that  the  lack  of 
profit  in  ordinary  dairy  fanning  was  due  to  the  fact  that  farmers  as  a 
rule  did  not  comprehend  what  dairy  fanning  really  meant — that  they 
did  not  comprehend  rightly  the  forces  that  must  be  put  in  motion  to 
bring  financial  success. 

This  '  'cow  census  "  work  was  started  as  a  private  enterprise,  to  get 
at  the  real  facts.  Experts,  who  thoroughly  understood  dairying, 
dairy  cattle,  and  right  dairy  conditions,  were  employed  to  do  the 
work.  They  would  visit  the  fanner  and  get  hold  of  all  the  facts  at  the 
farm  end  firet.  Then  they  would  visit  the  creamery,  where  an  accu- 
rate record  was  kept  of  the  milk  yield  of  the  herd  and  of  the  returns 
in  cash.  One  squared  by  the  other  told  the  story.  Many  conclusions 
have  been  worked  out  of  this  great  mass  of  data. 

The  one  great  and  paramount  conclusion,  overtopping  all  others, 
is  that  loss  of  profit  in  dairying  is  occasioned  in  nine  cases  out  of  tea 
by  a  lack  of  sound  dairy  intelligence  on  the  part  oi  the  farmer  who  is 
behind  the  cow. 

W.  D.  HOAKD. 

Fort  Atkinson,  Wis. 
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BEVEBW  OF  BABLY  CONDITK 

The  introduction  of  the  factory  system  of 
products,  the  invention  of  the  cream  separate 
of  the  Babcock  test  mark  a  revolution  in  the 
in  the  United  States.     In  pioneer  days  the  f( 
widely  scattered  settlers  pastured  on  uninclosec 
the  woods  near  the  clearings;  and  when  in  wini 
sary  to  stable  them  little  except  straw  and  hay, 
of  inferior  quality,  was  fed.    In  those  days  the  pi 
say  nothing  of  butter  and  cheese,  during  winter  \ 
the  average  farm.     Naturally  enough,  when  the 
rough  or  uninclosed  lands  and  in  winter  found 
from  the  straw  stack,  the  cost  of  producing  milk 
by  the  labor  of  milking,  which  usually  fell  to  th 
and  the  expense  of  building  the  rude  bam  whicl: 
in  winter. 

In  the  year  1851  the  first  of  the  three  great  le  ! 
the  dairy  industry  to  a  higher  plane  was  put  in 
factory  system  of  making  cheese  was  adopted,  i 
the  principle  of  cooperative  effort  so  successful  i 
try  was  applied  to  the  manufacture  of  butter.  T  i 
were  mere  shells  of  buildings,  totally  unfit  for  use  i 
there  been  milk  available  for  cheese  or  butter  mal  . 

With  the  close  of  the  neighborhood  cheese  fact  : 
the  fall  another  care  was  laid  upon  the  busy  ]  ( 
event  marked  the  beginning  of  the  season  to  n:  i 
winter's  supply  of  butter,  which  had  to  be  don  i 
went  on  their  annual  all-winter  vacation.  Half  i 
majority  of  farmers  had  no  faith  in  the  specia 
either  milk  or  beef.  But  the  increasing  demand  ]  ( 
to  the  growth  of  our  urban  population  was  a  po\ 
its  all-the-year-round  production,  so  that  here  an: 
found  a  farmer  who  had  broken  away  from  his  ea  i 
actually  had  cows  in  milk  all  winter. 

By  the  year  1887,  which  marks  the  date  of  the  fi: 
there  were  in  the  United  States  in  round  numbers 
tories  and  creameries  in  operation,  whose  patroi 
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their  milk  and  cream  at  stated  periods,  usually  monthly.  As  they 
compared  their  receipts  month  by  month  and  season  by  season,  it 
became  known  that  some  of  them  were  getting  uniformly  higher 
returns  per  cow  than  their  neighbors.  Wherever  a  patron  set  out 
honestly  to  discover  why  his  neighbor's  cows  gave  more  satisfactory 
returns  than  his  own,  he  found  that  it  was  owing  to  one  or  more  of 
the  following  causes :  Superior  cows,  better  management,  more  liberal 
feeding,  or  better  care  on  the  part  of  the  owner. 

The  questions  whether  it  really  paid  to  make  any  provision  to  tide 
the  cows  over  any  temporary  scarcity  of  pasture  in  summer  or  to 
care  for  them  in  winter  so  as  to  have  milk  were  about  this  time  live 
issues  at  all  farmers'  meetings  where  dairying  was  discussed.  On  the 
one  side  were  ranged  the  great  mass  of  the  farmers  who  claimed  that 
milk  produced  in  winter  cost  more  tlian  it  was  worth,  that  a  cow 
would  give  as  much  milk  in  six  months  as  she  would  if  milked  the 
year  round,  that  forced  and  prolonged  production  would  soon  put  an 
end  to  her  usefulness,  and  that  stable  milk  contained  a  nasty,  cowy 
flavor  from  which  a  first-class  article  of  butter  or  cheese  could  not  be 
made;  in  which  last  view  they  were  upheld  by  the  majority  of  the 
butter  and  cheese  makers. 

On  the  other  side  were  farmers,  few  in  number  but  undeniably 
prospering,  who  had  broken  away  from  the  old  order  of  things,  and 
who  claimed  that  their  cows  yielded  them  not  only  higher  gross 
returns  but  larger  profits;  who  maintained  that  it  paid  them  to  stable 
their  cows  comfortably  in  winter,  and  that  their  herds  gave  them 
satisfactory  returns  for  a  more  expensive  winter  ration  containing 
grain.  Here  and  there  among  them  was  to  be  found  a  farmer  who 
had  experimented  with  and  was  prepared  to  reconmiend  a  new  feed 
called  ensilage,  by  the  use  of  which,  he  was  convinced,  he  had 
reduced  materially  the  cost  of  producing  winter  milk. 

THB  OBiaiNAL  COW  OENSTJS. 

It  was  at  this  stage  of  the  development  of  the  dairy  industry  that 
in  the  year  1887,  as  has  been  stated,  the  first  systematic  eflFort  in  the 
United  States  to  find  out  the  actual  cost  of  producing  milk  on  a 
number  of  neighboring  farms  was  undertaken  by  William  D.  Hoard. 
This  work  was  carried  out  for  Mr.  Hoard  in  a  very  able  way  by 
Charles  W.  Jennings.  The  town  of  EUiaburg,  N.  Y.,  was  chosen  as 
a  favorable  place  to  carry  out  this  investigation,  which  has  since 
become  known  as  *'the  original  cow  census."  Jn  this  census  there 
were  included  5,507  cows,  distributed  on  367  farms,  the  milk  being 
mostly  sent  to  cheese  factories;  The  purpose  of  the  investigation 
was  to  discover  the  gross  returns  and  approximate  profits  of  the 
dairy  on  every  farm  visited  and  to  ascertain  the  conditions  under 
which  the  cows  were  kept  in  order  to  study  the  effects  of  breeding, 
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care,  feeding,  and  management.  Incidentally  some  study  was  made 
of  the  influence  of  the  personality  of  the  attendants  and  of  intelligent 
interest  taken  in  dairying  by  the  owner,  as  shown  by  his  taste  for 
agricultural  and  dairy  literature. 

When  the  results  of  this  census  were  compiled  it  was  calculated 
that  the  feed  consumed  by  these  5,507  cows  in  one  year,  if  sold  at 
local  market  prices,  would  have  brought  nearly  $25,000  more  than 
the  value  of  what  the  cows  produced,  including  milk,  cream,  cheese, 
butter,  skim  milk,  calves,  and  skins. 

SCOPE  AND  MBTHOD  OF  THE  LATBB  CANV ABBES. 

Following  the  original  cow  census  at  Ellisburg,  N.  Y.,  a  series  of 
similar  investigations  have  been  made  in  Iowa,  Wisconsin,  Indiana, 
Ohio,  New  York,  Pennsylvania,  Connecticut,  Vermont,  Minnesota, 
Michigan,  New  Hampshire,  Massachusetts,  and  Illinois.  Covering  a 
period  of  10  years  from  1899  to  1908,  inclusive,  they  represent  the 
work  of  26  district  enumerations  and  include  2,163  herds,  containing 
28,447  cows.  The  consolidated  records  of  these  canvasses,  num- 
bered from  1  to  26,  are  shown  later  in  the  chronological  order  in 
which  the  canvasses  were  taken. 

The  method  of  conducting  the  canvasses  necessarily  varied  to  meet 
the  conditions  found.  The  general  plan  was  to  include  in  each  )Can- 
vass  a  sufficient  number  of  representative  herds  to  show  fairly  the 
equipment  and  practice  prevailing  in  the  territory  covered.  The 
canvasser  would  first  visit  the  creamery,  cheese  factory,  or  receiving 
station.  Here  he  usually  had  free  access  to  the  records  and  obtained 
figures  showing  the  total  receipts  of  milk  or  butterfat  from  each  herd 
and  the  total  amounts  paid  for  such  receipts  during  the  year  of  the 
canvass.  Having  arranged  his  routes,  the  canvasser  would  then  visit 
the  farms  selected  and  ascertain  from  the  owner  in  each  case  the 
immber  of  cows  kept  and  particulars  of  the  cost  of  feeding,  together 
with  such  other  information  as  was  deemed  necessary  for  the  pur- 
pose of  the  investigation.  These  were  taken  down  as  stated  by  the 
farmer,  usually  from  memory.  The  enumerators  report  that  the 
farmers  were  perfectly  >^illing  to  give  them  the  information  as  soon 
as  the  object  of  the  visit  was  explained.  The  enumerators  frequently 
state,  however,  that  the  information  collected  in  this  way  was  not 
absolutely  accurate. 

LIMITATIOlSrS  OF  THE  WOBK. 

Certain  limitations  are  inevitable  in  an  investigation  carried  on  by 
so  many  different  canvassers  in  so  many  different  localities  and  dur- 
ing so  long  a  series  of  years.  Exact  definitions  were  not  observed 
as  to  good  and  poor  stables,  although  the  general  features  of  comfort, 
light;  ventilation;  and  cleanliness  are  reported.     Neither  was  any 
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exact  definition  observed  as  to  good  or  poor  dairy  type.  Good  dairy 
type  was  judged  by  the  canvassers  sometimes  with  large  reliance 
upon  breeding,  but  usually  by  observation  of  form.  That  the  enu- 
merators had  difficulty  in  finding  out  from  the  owners,  who  rarely 
had  any  record  except  memory,  the  exact  rations  fed  to  their  cows 
is  evidenced  by  extracts  from  their  reports,  such  as  the  following: 

Practically  none  of  the  fanners  had  any  definite  records  of  the  cost  of  keeping  a 
cow  through  the  year,  so  that  it  was  necessary  here,  as  elsewhere,  to  compute  the 
cost  myself,  after  ascertaining  what  I  could  about  the  feeds  used. 

As  none  whom  I  met  knew  exactly  how  much  feed  was  used  in  a  year,  it  wiU  be 
understood  that  the  cost  of  keeping,  as  estimated,  is  only  approximate  and  relative. 

At  the  close  of  one  canvass  an  enumerator  wrote: 

It  is  my  belief  that  the  cost  of  keep  was  fully  II  per  cow  too  low  in  some 
dairies,  as  it  was  the  practice  of  nearly  every  low-grade  dairyman  to  figure  his  grain 
ration  very  low  as  soon  as  he  saw  that  his  receipts  were  low.  And  I  am  as  fully  con- 
vinced that  the  receipts  were  too  high,  as  given  in  many  of  these  poor  dairies,  the 
claim  always  being  made  that  a  large  amount  of  butter,  cream,  and  milk  was  con> 
»umed  in  their  families. 

It  will  be  noticed  that  the  South  and  extreme  West,  where  dairy- 
ing vi  not  so  important  relatively,  have  not  been  included  in  th^e 
investigations,  the  work  being  confined  to  the  northeastern  quarter 
of  the  country.  The  later  work  was  confined  almost  exclusively  to 
treamery  patrons  and  hence  is  frequently  referred  to  as  **  creamery 
patron  investigations.'' 

For  the  purpose  of  these  investigations  the  cow  was  usually 
credited  only  with  the  value  of  her  whole  milk  and  butter  or  butter- 
fat,  while  the  value  of  her  skim  milk,  calf,  manure,  and  final  value 
as  beef  were  not  entered  to  her  credit.  It  was  assumed  that  these 
items  balanced  the  charges  for  labor,  housing,  interest,  insurance, 
and  depreciation,  also  omitted,  although  these  were  items  properly 
chargeable  against  the  cow. 

Other  limitations  can  well  be  imagined  when  it  is  remembered  that 
in  order  to  determine  any  one  point  in  dairy  practice  upon  which 
doubt  exists,  care  must  be  taken  to  have  all  details  exactly  alike 
except  the  one  point  under  investigation.  If,  for  instance,  an  experi- 
ment were  undertaken  to  determine  the  value  of  silage  as  a  feed  for 
milch  cows,  and  if  the  group  of  cows  receiving  silage  were  of  dairy 
type,  confined  in  comfortable  stables,  and  bred  to  freshen  in  the  fall, 
it  would  be  difficult  to  compare  the  results  with  those  obtained  from 
a  scrub  herd  fed  on  dry  feed,  in  poor  stables,  and  freshening  in  the 
spring,  and  say  what  proportion  of  the  difference  in  yield  wai  due  to 
the  superiority  of  silage  as  a  feed. 
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VALUE  OF  THB  BBST7LT8. 

Values  compensating  for  the  limitations  mentioned  in  the  pre- 
ceding chapter  are  found  in  the  great  number  of  herds  and  cows 
reported,  the  herds  numbering  2,163  and  the  cows  28,447.  The 
reports  constitute  a  mass  of  most  valuable  material,  such  as  never 
before  has  been  available  for  study  of  the  important  questions  in- 
volved. 

Although  the  journal  in  which  the  original  data  were  published  has 
a  wide  circulation,  and  the  publication  of  these  investigations  occa- 
sioned much  conmient  when  they  appeared  week  after  week,  they 
are  not  now  available  except  to  the  few  who  have  preserved  a 
file  of  the  periodical  covering  the  period  of  their  issue.  It  is  be- 
lieved that  the  records  of  these  investigations  are  of  sufficient  impor- 
tance to  entitle  them  to  a  permanent  place  in  dairy  literature,  although 
the  immense  volume  of  the  material  prohibits  publication  of  all  the 
details.  The  aim  of  this  digest  is  to  present  the  most  valuable 
features  of  this  work  so  consolidated  and  compiled  that  they  may  be 
readily  studied  and  compared. 

For  many  years  facts  such  as  have  been  brought  out  in  these  can- 
vasses have  been  demonstrated  by  experiments  conducted  by  the 
various  State  experiment  stations.  Many  of  these  experiments  have 
been  conducted  with  scientific  exactness  as  to  details  over  extended 
periods  of  time.  Because  of  their  confidence  in  the  nature  of  this 
•work,  reading  and  thinking  farmers  have  been  convinced  that  they 
could  apply  the  lessons  taught  and  have  had  the  courage  to  follow 
their  convictions.  While  this  is  true  of  the  more  progressive  type  of 
dairy  farmers,  there  was  a  large  number  who  lacked  this  belief  in  the 
results  obtained  by  the  experiment  stations;  but  when  they  found 
scores  of  prosperous  dairymen  all  over  the  country  making  more 
money  out  of  their  cows,  and  ascribing  their  success  to  certain  methods 
and  equipment,  and  showing  figures  and  other  evidence  to  prove  the 
truth  of  this  claim,  these  unbelievers,  who  would  have  doubted  the 
testimony  of  one  or  two  eyewitnesses,  could  no  longer  doubt.  They 
also  obtained  a  basis  for  reckoning  what  they  might  expect  to  gain 
by  adopting  better  methods  themselves.  Thus,  the  cow-census  work 
has  exercised  a  great  and  very  helpful  influence  upon  dairy  practice. 

DETAILS  OF  TEE  CANVASSES. 

The  results  of  each  of  the  26  canvasses  are  given  in  the  following 
series  of  tables.     The  principal  items  recorded  are: 

(1)  The  number  of  herds  and  the  number  of  cows  in  each  of 

the  classes  designated. 

(2)  The  yearly  cost  of  feed  per  cow. 

(3)  Yearly  production  of  milk  and  butter  or  butterfat. 
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(4)  Returns  for  each  dollar's  worth  of  feed. 

(5)  Yearly  net  profit  or  loss  per  cow. 

(6)  Food  cQst  of  milk  and  of  butter  or  butterfat. 

(7)  Herds  showing  profit  or  loss. 

The  above  particulars  are  classified  and  compared  so  as  to  give 
information,  in  so  far  as  the  limitations  of  the  methods  of  investiga- 
ting these  problems  and  the  available  data  permit,  on  the  following 
points: 

(1)  The  cost  of  milk  and  butter  from  herds  of  dairy  breeding  as 
compared  with  herds  classified  as  dual-purpose  cattle  or  as  scrubs. 

(2)  The  cost  of  producing  milk  and  butter  where  silage  formed 
a  part  of  the  ration  in  comparison  with  the  cost  where  the  cows  were 
on  dry  feed. 

(3)  The  expense  of  producing  milk  and  butter  when  cows  were 
comfortably  housed  in  severe  weather,  compared  with  the  expense  of 
production  when  cows  were  poorly  stabled. 

(4)  The  results  obtained  by  readers  and  nonreaders  of  agricultural 
literature. 

In  addition  to  the  above,  some  of  the  canvasses  also  give  informa- 
tion on  the  following  points : 

(5)  The  benefit  of  using  soiling  crops  to  supplement  pasture. 

(6)  An  investigation  into  the  cost  of  producing  milk  where  alfalfa 
hay  was  used  as  compared  with  carbonaceous  roughage. 

(7)  The  cost  of  producing  milk  entirely  from  home-grown  feeds  as 
compared  with  the  cost  where  some  feed  was  bought  to  supplement  the 
feeds  grown  on  the  farm. 

(8)  The  effect  on  the  milk  flow  of  warming  the  drinking  water. 

(9)  The  advantages  and  disadvantages  of  raising  heifers  to  replen- 
ish the  herd. 

(10)  The  revenue  from  milk  delivered  at  a  cooperative  creamery 
compared  with  that  from  selling  to  a  condensing  factory. 

Additional  particulars  are  given  in  notes  following  each  enumera- 
tion. 

Following  the  records  of  the  canvasses  are  a  series  of  tables  in 
which  these  averages  of  the  different  features  reported  upon  are  con- 
solidated and  arranged  in  such  a  manner  that  they  may  be  con- 
veniently compared. 


CANVASS  NO.  1. 

Conducted  in  Jeffeison  County,  Wie.,  1899.    C.  P.  Goodrich,  canvaner.    100  h 
1,804  cowB. 


(Aver>(ei>rtoea[mUk,«g.t 

ccntg  per  IDO  pounds 

Bveng 

c  phDt  of  botlw,  IM  oenM  per  pound.] 

— 

1 

■5 

i 

■5 

1 

!l 
1 

h 

n 

It 

k 
It 

1 

f 

1 

i 

■si 
si 
1^ 

1 

1 

Tolal   [ 

100 

78 
34 

S 

IB 
10 

1,30S 
498 

1 

990 
t»4 

129.33 
99.32 

E,I30 
4,390 

233 
144 

11.  SO 

i.eo 

1.23 

l.U 

i.ei 

1.92 
1.09 

I14.B3  10.088   10.126 
17.S3       .064      .lie 

e.s7     .S7S     .iti 

7« 
22 

4B 
G2 

10 

,, 

'^d^n. 

29.37 

S,033 
S,102 

247 

19.92 

.sas 

.lis 

"•S""::::::;::::: 

M.ao 

29.  W 

3,  KM 

B,778 
3,930 

292 

4.04 

M.3I 
2.«0 

iS* 

.168 

Notes  on  Cakvass  No.  1. 


ukiiig  a  profit  have  poor  stablee  and  scrub 


The  only  tvo  herds  in  the  canvaM  n 
cows  and  buy  no  grain. 

A  comparison  of  the  dlage-fed  herds  with  the  averse  for  the  canvass  ii 
of  the  silage-fed  herds  by  an  average  net  profit  per  cow  of  $2.49,  an  increase  in  the 
flow  of  milk  of  633  pounds  per  cow,  an  increase  in  the  quantity  of  butt«r  of  21  pounds 
per  cow,  a  decrease  in  the  food  cost  of  milk  of  3.6  cents  per  100  pounds,  and  an  in- 
creased return  of  5  cents  for  each  dollar's  worth  of  feed. 

This  increased  profit  from  feeding  silage  would  amount,  in  the  average  herd,  to 
$70  per  year.  Of  the  herds  fed  silage,  all  but  two  are  of  dairy  type,  13  have  good 
stables,  6  have  ftiir  stables,  none  have  poor  stables. 

A  comparison  as  to  the  rations  fed  shows  that  those  owners  who  buy  their  grain 
make  12  cents  mc»e  on  each  dollar's  worth  of  feed  eaten  than  do  the  others  who  feed 
home-grown  com  and  oats.  This  illustrates  the  fact  that,  although  it  pays,  generally 
speaking,  to  grow  feed  at  home,  it  sometimes  is  cheaper  to  buy,  especially  if  the 
home-grown  feeds  do  not  make  up  a  properly  balanced  lation.  For  instance,  it  may 
be  mora  economical  to  sell  oats  at  a  high  price  for  hone  feed  and  use  the  money  to 
buy  cottonseed  meal,  which  will  furnish  protein  for  cows  at  a  lower  cost.  Or  if  the 
home-grown  feed  consists  wholly  of  carbohydrates,  as  com  and  hay,  it  will  pay  well 
to  buy  nitrogenous  feed  lather  than  be  without  it. 

The  best  10  herds  are  all  of  dairy  type,  all  but  1  have  good  stables,  3  are  fed 
silage,  and  7  are  fed  purchased  protein. 

Of  the  10  poorest  herds,  only  1  is  of  dairy  type,  only  1  has  a  good  stable,  only  1  is 
fed  silage,  and  4  are  fed  purchased  protein.  This  group  produces  only  one-tenth  as 
much  net  profit  as  the  10  best  herds. 
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CANVASS  NO.  2. 

Conducted  in  Iowa,  five  countiee,  1899.    Fnnk  Kinsley,  canvMser.    100  herds,  882 

cows. 

[AT«nge  prtoe  of  milk,  80.7  cents  per  100  poiinda;  average  pftoe  of  batter,  10.4  cents  per  pound.] 


Comparisons. 
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10  best  herds 
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Best  single  dairy-type  herd. . 
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Notes  on  Canvass  No.  2. 

All  the  herds  reporting  a  net  loss  are  dual  purpose,  grade  Shorthorn,  or  native. 

All  the  silage  feeders  are  also  readers;  two  have  dairy-type  herds,  one  dual  purpose. 

Of  the  best  10  herds,  9  are  of  dairy  type  and  1  dual  purpose;  5  owners  read  dairy 
literature,  3  say  they  do  not,  and  the  other  2  do  not  report  on  this  point. 

Of  the  poorest  10  herds,  none  are  of  dairy  type,  and  only  2  owners  read  dairy  11 1^ 
erature. 

Comparing  the  best  six  herds  of  dairy  type  with  the  best  six  dual-purpose  herds 
the  figures  show  that  if  (he  owners  of  the  82  dual-purpose  cows  had  fed  the  same  feed, 
costing  12,665,  all  together  to  cows  of  dairy  type,  this  feed  would  have  fed  98  dairy 
cows,  which  would  have  returned  a  net  profit  of  $3,042.90,  over  three  times  the  amount 
of  profit  actually  produced  by  the  82  dual-purpose  cows,  which  was  $972.52. 

Or,  the  $972.52  net  profit  received  from  the  82  dual-purpose  cows  might  have  been 
earned  by  32  dairy  cows  at  an  expense  for  feed  of  $864,  less  than  one-third  the  feed 
bill  of  the  82  dual-purpose  cows. 

The  dairyman  who  reads  dairy  literature  secures  nine  times  the  net  profit  of  the 
nonreader.  By  reference  to  the  table  it  will  be  seen  that  those  who  read  make  28 
cents  on  the  dollar  net  profit,  while  those  who  do  not  read  make  only  3  cents. 

The  ratio  of  profitable  to  unprofitable  dairies  is  more  than  three  times  as  great 
among  the  readers  as  among  the  nonreaders,  which  means  that  dairymen  who  read 
dairy  literature  stand  more  than  three  times  as  much  chance  of  making  a  profit  as 
those  who  do  not  read.* 


1  The  following  explanation  Is  offered  of  the  manner  of  comparing  ratios  here  and  elsewhere  In  these 

Among  the  herds  belonging  to  men  who  read  there  are  20  profitable  to  5  unprofitable.    The  ratio  may 

on 
be  written  In  different  ways,  as  20  to  5, 20:5,  or  — ,  which  equals  4  to  1. 

5 

On  the  other  hand,  among  the  herds  belonging  to  men  who  do  not  read  there  are  42  profitable  to  33  unpfol^ 
itable.    This  ratio,  like  the  other,  may  be  written  In  different  ways,  as  42  to  33, 42:33,  or  ^,  which  equals 

1.27  to  1. 

It  will  be  seen  that  the  former  ratio  Is  more  than  three  times  as  great  as  the  latter,  indicating  the  pro- 
portion of  readers  who  make  a  profit  compared  with  the  nonreaders  who  do  so. 


UAHVABH    MU.    3. 

Candncted  in  Ohio,  1890-1000.    Bepieeeiiting  four  creuneriee  in  i 

eastern  Ohio,  Geoige  E.  Scott,  canvaaaer.    100  hords,  994  cows. 


(Avsaea  [ilaa  or  milk,  ll.Ot  ptr  100  pc 


httnga  pilot  ol  bnttn,  IB.S  osnti  par  poond.] 
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NoTKB  ON  Canvabb  No.  3. 

Only  three  herda  of  thia  canvasa  retuni  leoa  than  the  coet  of  feed.  The  av^age 
retunuforfl  apenton  feed  ore  greater  than  in  any  other  canvaaa,  amoimting  to  11.61. 

The  average  herd  of  thie  canvass  is  10  cows.  When  of  dairy  type,  this  size  herd 
returaa  J238  net  profit.  When  of  dual-purpose  type,  it  returns  $86.60,  allowing  nearly 
three  timea  the  profit  from  dairy-type  cowa  over  dual  purpoae. 

In  this  locality  silage  costs  about  fZ  per  loo  for  growing  and  storing.  The  silage 
feeders  have  the  advantage  over  those  not  uaing  ailage  in  a  reduced  coat  of  11.26  per 
cow,  an  increased  net  profit  of  S5.67  per  cow,  an  increased  production  of  milk  of  383 
pounds  per  cow,  and  an  increased  production  of  butler  of  27  pounds  per  cow,  pro- 
ducing milk  at  a  food  coat  lower  by  9.2  cents  per  100  pounds  and  butter  at  a  food 
coet  lower  by  2.1  cents  per  pound,  and  showing  a  return  for  each  dollar  spent  in  feed 
of  25  cents  more  tlian  those  who  do  not  feed  ailage  and  anetprofit  BO  per  cent  greater. 

The  herda  showing  a  combination  of  dairy  type  with  silage  feeding  number  22, 
with  280  cows,  and  return  $1.93  for  each  dollar  spent  in  feed.  On  the  other  hand, 
the  herda  representing  a  combination  of  native  blood  without  silage  feeding  number 
17,  with  129  cows,  and  for  each  dollar  spent  in  feed  they  return  $1.31,  showing  three 
times  as  much  net  profit  from  the  better  combination  of  breeding  and  feeding. 

The  best  16  herds  return  in  each  case  an  average  profit  of  $2  or  more  for  each  dollar 
spent  in  feed.  All  of  them  are  of  dairy  type;  12  of  them  are  fed  silage,  10  have  good 
stables,  5  have  fair  at»btee. 

The  poorest  16  herds  return  in  each  case  an  aven^  of  $1.26  or  less  for  each  dollar 
epent  in  feed.    Only  1  of  these  herda  is  of  dairy  type;  6  are  gradea  of  dairy  breeds, 
but  of  poor  type;  8  are  of  native  or  mixed  breeds;  3  are  fed  silage;  none  have  good 
etAblee,  8  have  fairstablea,  T  have  po(»etables. 
64163°— Bull.  164—13 3 
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CANVASS  NO.  4. 

Goiidttctod  in  Delaware  and  Otaego  Ooimties,  N.  Y.,  1900.    W.  H.  Jenkiiis, 

caavBseer.    100  herds,  1,704  cowb. 

[Piloe  of  milk,  03  cents  per  100  ptfimds;  prtoe  of  tmtter,  18  oents  per  pound.] 


.  OoipptflBonit  I 


Total  of 
Cows: 

Dairy  type 

MUedbreeda 

Feed: 

Silage  used 

SoUmc  crops  fed 

Stables: 

Good 

Fair 

Poor 

Reading: 

Bsuy  HteratuTB 

4giloalturai  literature 

Nothing 

Results: 

Best  herds .  < 

Poorest  herds 

Best  single  herd 


I 

o 

I 


100 

40 
60 

28 
21 


50 
17 

13 
20 
67 

10 

10 

1 


8 

•s 

It 

S 


1,704 

712 
801 

500 
337 

561 
850 
203 

221 

340 

1,143 

140 

140 
17 


I 


h 
1 


831.00 

83.27 
31.54 

31.77 
30.00 

33.27 


30.04 
81.02 


31.66 

84.60 
33.80 
37.00 


'I 
H 

SSI 


3,028 


4,248 
2,'84i 
3,808 
3,'506 


■«8 

It 


188 

220 
158 

102 
108 

220 


144 
208 


180 

204 

132 
355 


i 


s 
S 


181.06 

1.28 
0.80 

1.10 
1.15 

1.23 

1.01 

.82 

1.23 
1.03 
1.03 

1.62 

.75 

1.67 


81.60 

8.03 
-3.43 

3.22 
4.63 

7.66 


-5.57 
7.34 


0.05 

17.00 

-8.32 

24.63 


'•9 


1i 


80.883 


.783 

i.dao' 

.810 
.003' 


I 


mm 

& 


80.17 

.141 
.20 

.165 
.156 

.146 


.215 
,153 


,176 

117 
,256 
,107 


53 

»7 
10 

14 

15 


34 

1 

11 
10 
32 

10 
0 
1 


s 

i 
1 

s 


47 

8 
40 

12 
6 

5 
26 
16 

2 
10 
35 

0 

10 

0 


NoTBS  ON  Canvass  No.  4. 

These  100  herds  are  scattered  among  the  valleys  of  the  Dela^vrare,  Susquehanna, 
and  Chenango  Rivers,  geneially  at  some  distance  from  the  railroad  in  representative 
localities,  but  not  in  the  best.  A  good  ration  here  costs  $35  to  $40,  divided  as  follows: 
Two  tons  hay,  $20;  i  ton  grain,  $10;  pasture,  $6  to  $10.  This  amount  is  reduced  by 
soiling  or  feeding  edlf^  and  by  keeping  the  cows  in  warm  stables. 

The  fact  that  a  few  men  make  a  profit  shows  that  it  is  possible  when  there  is  study 
and  intelligent  practice  according  to  the  successful  methods  pointed  out  in  this  can- 
vass. Intelligence  and  character  form  the  basis  of  success.  Primitive  methods  are 
losing  money.  As  a  rule,  those  men  are  the  most  successful  who  read  good  dairy 
literature  and  attend  farmers'  institutes  and  other  similar  meetings. 

Of  the  40  dairy-type  herds  11  are  fed  silage,  25  have  good  stables,  14  have  fair 
stables,  only  1  has  a  poor  stable,  15  owners  read,  and  25  do  not. 

Of  the  50  mixed  herds  15  are  fed  silage,  7  have  good  stables,  27  have  fair  stableB, 
16  have  poor  stables,  12  of  the  owners  reftd,  and  38  do  not. 

A  comparison  of  the  dairy  type  and  mixed  herds  shows  a  difference  of  $12.36  in 
net  profit  per  cow  in  favor  of  the  dairy  type,  and  the  food  cost  of  butter  for  cows  of 
the  dairy  type  is  only  about  70  per  cent  as  much  as  it  is  in  the  mixed  herds.  The 
reports  are  uncertain  as  to  the  type  of  10  herds  in  this  canvass. 

Of  the  26  silage-fed  herds  9  have  good  stables,  14  have  &ir  stables,  3  have  poor 
stables,  11  owners  read,  and  15  owners  do  not. 

The  average  profit  from  silage-fed  herds  is  just  twice  the  average  profit  in  the 
whole  canvass. 

Of  the  21  herds  fed  soiling  crops  10  are  of  dairy  type,  7  of  mixed  blood,  and  4  uncer- 
tain; 8  have  good  stables,  10  have  fair  stables,  and  3  have  poor  stables;  4  owners  read 
dairy  papers,  6  read  agricultural  papers,  and  11  read  none.  Only  1  owner  feeds 
silage  in  addition  to  soiling,  but  he  receives  $1.58  for  each  dollar  spent  in  feed. 
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The  avemge  net  profit  of  those  who  practice  soiling  is  three  timee  the  avenge  of 
the  whole  canvasB. 

Of  the  best  10  herds  all  return  an  average  of  $1.37  or  more  for  each  dollar  spent  in 
feed,  all  are  of  dairy  type,  8  have  good  stables,  2  have  fair  stables,  4  are  fed  silage, 
3  are  fed  soiling  crops,  3  owners  read  dairy  papers,  3  read  agricnltural  papers,  4  read 
none. 

Of  the  poorest  10  herds  all  lose  an  average  of  25  cents  on  each  dollar  spent  for  feed, 
1  herd  is  of  dairy  type,  1  has  a  good  stable,  4  have  fair  stables,  5  have  poor  stables, 
none  of  the  owners  read  dairy  papers,  3  read  agricultural  papers,  and  7  read  none. 
One  herd  is  fed  silage  and  1  is  fed  soiling  crops. 

The  8  herds  showing  the  best  combination  of  features  produce  an  average  of  231 
pounds  of  butter  and  a  return  of  $1.34  for  each  dollar's  worth  of  feed,  the  lowest  return 
from  the  cows  of  any  herd  in  the  group  being  $1.14  for  each  dollar's  worth  of  feed. 
All  these  herds  are  of  dairy  type  and  have  good  stables,  6  are  fed  silage,  2  are  fed 
soiling  crops,  and  all  the  owners  read  dairy  literature. 

The  best  single  herd  is  of  dairy  type,  is  kept  in  a  good  stable,  and  is  fed  soiling  crops 
and  purchased  protein.  Grain  is  fed  10  months  of  the  year.  The  owner  is  a  good 
judge  of  cows,  is  proud  of  his  herd,  and  likes  his  businees. 

CANVASS  NO.  5. 

Conducted  in  Susquehanna  County,  Pa.,   1901.    W.  H.  Jenkins,  canvasser.    50 

herds,  663  cows. 

[Average  price  of  milk,  11.056  per  hundred  pounds.] 


Comparisons. 


Total  of  canvass. 
Cows: 


Dairy  type 

Not  dairy  tyiM. 


Feed: 

SUage 

NosUage 

Btables: 

Good 

Fair 

Poor 

Reading  dairy  literature: 

Readera 

Nonreaders 

Results: 

Most  profitable  herds. 

Least  profitable  herds . 
Combination  of  features: 

Best  combination 

Worst  combination. . . 


I 


I 

2 


fiO 

15 

21 

14 
36 

13 
22 
15 

30 
20 

10 

10 

12 

8 


8 


I 


663  S33.04 


236 

265 

260 
404 

173 
291 
190 


266 

173 
149 

105 
112 


8 


tl 


38.08 
32.00 

34.21 
33.14 

34.62 


32.87 

33.08 
31.80 

36.00 
33.21 

35.00 
33.00 


8 

It 


3,879 

5,007 
3,296 

4,625 
3,096 

5,041 


3,073 

4,414 
3,218 

5,178 
2,614 

5,244 
2,796 


o 
P  o 


& 


81.26 

1.63 
1.05 

1.41 
1.18 

1.56 

1.27 

.96 

1.38 
1.07 

1.67 
.82 

1.62 
.87 


8 

a., 

«3 

I 

.2 


18.63 

20.86 
1.70 

13.01 
6.04 

19.39 


-.66 

12.80 
2.23 

23.45 
-5.96 

21.83 
-4.20 


a^ 

oi 

•M  Ml 

§§ 
IS. 


10.858 

.70 
.97 

.750 
.977 

.687 


1.07 
.760 


.675 
1.27 

.667 
1.215 


I 

.o 

I 


15 
13 

12 
27 

12 
21 

6 

27 
12 

10 
0 

12 
1 


I 

I 
I 


11 

0 

8 

2 
0 

1 
1 
9 

3 

8 

0 
10 

0 
7 


Notes  on  Canvass  No.  5. 

All  owners  of  dairy-type  herds  are  readers,  12  have  good  stables,  3  have  fair  stables, 
9  feed  silage. 

The  type  of  14  herds  is  not  reported. 

Of  the  owners  of  herds  not  of  dairy  type  5  feed  silage,  none  have  good  stables,  11 
have  fair  stables,  and  10  poor  stables;  8  read  agricultural  papers  and  13  read  nothing. 

The  average  net  profit  of  the  dairy  type  herds  is  12  times  that  of  the  scrubs. 
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Of  the  Bilage  feeders  ftll  but  1  are  readen,  and  that  1  receives  but  57  cents  for  each 
dollar  spent  in  feed.  Nine  of  these  herds  are  of  dairy  type  and  return  an  average 
of  $1.63  for  each  dollar  spent  in  feed.  Five  herds  are  not  of  dairy  type  and  return 
$1.02  for  each  dollar  spent  in  feed.  Eight  of  the  silage  feeders  have  good  stables,  4 
have  fair  stables,  and  2  have  poor  stables. 

Of  the  herds  fed  no  silage  6  are  of  dairy  type  and  16  are  not  of  dairy  type;  of  14  the 
type  is  not  reported.  Seventeen  owners  read  and  19  owners  do  not.  Five  have 
good  stables,  18  have  fair  stables,  13  have  poor  stables.  The  silage  feeders  clear  a 
net  profit  more  than  twice  as  great  as  that  of  the  men  who  do  not  feed  silage. 

Of  the  10  most  profitable  herds  8  are  of  dairy  type,  2  are  grades  of  dairy  breeds, 
but  of  uncertain  type.  All  the  owners  are  readers,  6  feed  silage,  8  have  good  stables, 
and  2  have  fair  stables. 

All  but  2  of  the  most  profitable  herds  are  in  the  group  showing  the  best  combinatum 
of  features. 

Of  the  owners  of  the  10  least  profitable  herds  2  are  readers  and  8  are  not.  None  of 
the  herds  is  of  dairy  type,  2  are  fed  silage,  1  has  a  good  stable,  1  has  a  fair  stable, 
and  8  have  poor  stables. 

The  beet  combination  of  features  is  where  all  have  good  stables,  all  the  owners  are 
readers,  and  all  have  dairy-bred  herds.  These  number  12.  Eight  of  these  herds 
are  fed  silage.  Comparing  this  group  of  12  herds  with  the  most  profitable  10,  we 
find  the  cost  of  feeding  is  the  same.  The  food  cost  of  milk  is  slightly  leas  in  the  case 
of  the  best  combination  of  features,  but  the  net  profit  is  greater  in  the  10  most  profit- 
able herds.  The  explanation  of  this  apparent  contradiction  appears  to  be  that  in 
the  case  of  the  group  showing  greatest  net  profit  the  largest  proportionate  quantity 
of  milk  was  produced  in  the  winter  when  the  price  was  high,  while  the  food  cost  of 
milk  is  slightly  less  in  the  case  of  the  herds  producing  relatively  more  of  their  milk 
during  the  simmier  time. 

In  the  worst  combination  of  features  are  included  herds  of  scrub  type,  with  poor 
stables,  whose  owners  do  not  read.  All  but  1  of  this  group  are  in  the  group  of  the  10 
herds  making  least  profit. 

The  average  net  profit  of  dairymen  who  read  is  five  times  that  of  those  who  do  not. 

The  average  net  profit  of  dairymen  with  good  stables  is  twice  that  of  those  whose 
stables  are  only  fair,  while  the  ratio  of  profitable  to  unprofitable  herds  is  18  times  as 
great  among  those  having  good  stables  as  among  those  having  poor  stables.' 

The  canvasser  calls  attention  to  the  following  observations: 

(1)  This  canvass  of  creamery  patrons  is  fairly  representative  of  the  dairy  industry 
in  the  State  at  the  time. 

(2)  Only  about  one-half  of  the  owners  read  any  agricultural  papers  or  use  means  for 
dairy  education.    Of  this  number  less  than  half  read  dairy  papers  or  literature. 

(3)  There  is  notable  waste,  especially  through  the  feeding  of  poor  cows. 

(4)  The  principles  of  breeding  are  understood  by  very  few.  Less  than  10  per  cent 
keep  good,  pure-bred  sires. 

(5)  The  feeding  of  unbalanced  rations  is  notable. 

(6)  Too  much  food  is  given  for  fuel  instead  of  for  milk.  Three-fourths  of  the  herds 
are  not  stabled  with  sufficient  warmth. 

(7)  Not  more  than  10  per  cent  have  stables  sufficiently  ventilated  or  lighted. 

(8)  Manure  is  wasted.  Not  more  than  10  or  20  per  cent  have  tight  gutters  with 
absorbents  so  as  to  save  liquids,  or  spread  manure  daily  on  soil. 

(9)  Cornstalks  are  generally  fed  uncut  and  dry,  only  about  one-half  of  which  are 
actually  eaten.    The  number  of  silos  is  increasing. 

(10)  None  grow  soiling  crops  for  protein  (alfalfa,  peas,  etc.). 

(11)  Much  dissatisfaction,  debt,  and  discouragement  prevail. 

>  For  ezplaoatkm  in  regard  to  oomparjaon  of  ratios,  see  footnote  to  canvass  2,  p.  14. 
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(12)  In  every  locality  there  are  a  few  progresBive  and  prosperouB  dairymen.  Note 
the  range  from  returns  of  $70  per  cow,  with  11.75  for  |1  in  feed,  down  to  |15  per  cow, 
with  $0.50  returned  for  every  |1  in  feed. 

(13)  To  succeed,  a  dairyman  must  first  see  something  in  cows  more  than  mere 
machines;  then  if  he  loves  his  business,  his  success  is  reasonably  sure. 

CANVASS  NO.  6. 

Conducted  in  Dunn  Coimty,  Wis.,  1901.    C.  P.  Goodrich,  canvasser.    52  herds, 

647  cows. 
[Average  price  of  milk,  8S.6  cents  per  100  pounds;  average  price  of  butter,  17.8  cents  per  pound.] 


Comparisons. 


Total  of  canvass 

Cows: 

Dairy  type 

Not  dairy  type 

Results: 

Most  profitable  herds . 

Least  profitable  herds 


o 


52 

14 
30 

10 
10 


i 

O 

I 


647 

193 
344 

123 
134 


II 

h 
I 


126.96 

26.71 
27.06 

26.10 
28.80 


3 

'I 
f 


4,796 

5,356 
4,882 

6,918 
3,756 


2  • 


£ 


232 

236 
197 

276 
174 


^ 


& 


11.47 

1.68 
1.34 

1.08 
1.06 


$12.68 

18.05 
9.27 

24.61 
2.28 


^1 


pS4 


$0,562 

.491 
.617 

.424 
.767 


j. 

h 
I 


$0,122 

.113 
.137 

.09 
.165 


I 

e 


51 

14 
29 

10 
9 


I 

.4 

i 


a 


0 

1 

0 

1 


NoTBS  ON  Canvass  No.  6. 

Eight  herds  of  this  canvass  are  of  uncertain  type. 

Of  the  52  herds,  all  but  one  make  a  profit,  and  that  one  returns  98  cents  for  each 
dollar  spent  on  feed.  The  net  profit  per  cow  from  the  dairy  type  herds  is  double  that 
from  the  scrubs.  Of  the  10  most  profitable  herds,  7  are  of  dairy  type.  Of  the  10  least 
profitable  herds,  none  are  of  dairy  type. 

CANVASS  NO.  7. 

Conducted  in  Onondaga  County,  N.  Y.,  1901-2.    W.  H.  Jenkins,  canvasser.    80  herds, 

948  cows. 

[Average  price  of  milk,  89.3  cents  per  100  pounds;  average  price  of  butter,  19.3  cents  per  pound.] , 


Comparisons. 


Total  of  canvass 

Cows: 

Dairy  type 

Mixed  herds 

Feed: 

AUa^ 

Carbonaceous  roughage 
Stables: 

Good 

Poor 

Reading  dairy  literature: 

Owners  read 

Owners  do  not  read 

Results: 

Largest  profits 

Smallest  profits 

Combination  of  features: 

Best  combination 

Worst  combination 


s 

I 


80 

20 
23 

40 
40 

11 
33 

26 
64 

10 
10 

7 
13 


I 

I 


wo 

236 
264 

604 
364 

132 
396 

308 
640 

109 
94 

88 
144 


8 


i 


130.07 

28.00 
31.00 

28.83 
31.31 

30.78 
30.63 

32.04 
29.13 

26.60 
32.60 

29.00 
31.00 


I 


^1 


•I 


£ 


! 


3,981 

6,044 
3,064 

4,214 
3,748 

6,071 
3,488 

4,646 
3,681 

5,644 
2,432 

6,176 
2,836 


h 

.08 

It 


184 

246 
143 

201 
167 

244 

162 

216 
166 

266 
113 

260 
133 


$1.19 

1.67 
.87 

1.36 
1.06 

1.63 
1.10 

1.39 
1.14 

1.97 
.63 

1.76 
.82 


I 


it 


I 

4* 


86.79 

18.76 

-  3.87 

10.06 
1.63 

19.36 
3.06 

12.60 
4.08 

26.76 
-12.06 

21.76 

-  6.68 


80.766  10.168 


.663 
1.006 

.684 
.836 

.606 
.876 

.69 
.813 

.476 
1.34 

.66 
1.09 


^4 


1 


I 


.114 
.216 

.143 
.187 

.126 
.188 

.149 
.177 

.103 
.288 

.111 
.238 


I 
I 


64 

20 
9 

31 
23 

11 
16 

20 
33 

10 
0 

7 

4 


JS 

I 

P 


26 

0 
14 

9 
17 

0 
17 

6 
21 

0 
10 

0 
0 


20  DAIRY  HEBD  BECOBDB. 

Notes  on  Gakvabs  No.  7.' 

This  canvaas  makes  prominent  a  compariflon  as  to  the  economy  of  feeding  between 
home-grown  alfalfa  and  purchased  protein.  There  are  40  herds  of  each  class.  The 
alfalfa  growers  feed  little  or  no  grain.  The  grain  feeders  use  timothy  hay  and  com 
stover  or  silage  for  their  winter  roughage.  Both  classes  have  practically  the  same 
pasture. 

The  alfalfa  growers  secure  an  average  net  profit  per  cow  per  year  $8.52  greater  than 
that  of  the  feeders  of  carbonaceous  roughage.  The  ratio  of  profitable  to  unprofitable 
herds  is  2}  times  as  great  among  the  alfalfa  feeders  as  it  is  among  the  feeders  of  carbon- 
aceous roughage.' 

Of  the  10  herds  showing  largest  profit,  all  but  2  are  of  dairy  tyx>e.  Five  have  good 
stables,  3  have  fair  stables,  2  have  poor  stables.    Seven  owners  read;  3  do  not. 

Of  the  10  herds  showing  least  profit,  all  are  of  mixed  breeding  except  2,  which  are 
said  to  be  grades,  but  are  not  of  dairy  type.  All  have  poor  stables  except  one,  which 
is  fair.    Only  one  owner  is  a  reader. 

Most  of  the  herds  in  this  canvass  are  renewed  by  raising  the  heifers  from  the  best 
cows.  Fifteen  herds  in  which  the  practice  prevails  of  buying  cows  for  building  up 
the  herd  return  an  average  for  each  dollar  spent  in  feed  of  11.08;  the  average  return  for 
the  whole  canvass  being  $1.19. 

Herds  in  good  stables  return  a  net  profit  six  times  as  great  as  those  in  poor  stables. 

The  readers  receive  nearly  three  times  the  average  net  profit  of  the  nonreaders, 

while  the  ratio  of  profitable  to  unprofitable  herds  among  the  readers  (20:6)  is  more 

than  twice  as  ereat  as  the  corresponding  ratio  among  the  nonreaders  (33:21).^ 
The  group  euaowing  the  best  combination  of  features  (herds  of  dairy  type,  stables 

good,  owners  readers)  includes  the  herd  showing  largest  yield  of  butter  for  the  canvass, 

355  pounds  per  cow,  and  the  herd  making  the  largest  return  for  one  dollar  spent  in 

feed,  namely  $2.19. 

The  13  herds  designated  as  having  the  worst  combination  of  features  are  those  con- 
sisting of  scrub  cattle,  kept  in  poor  stables,  by  owners  who  do  not  read.  Under  these 
conditions  it  costs  twice  as  much  to  make  a  given  quantity  of  milk  or  butter  as  under 
the  conditions  of  the  best  combination  of  features. 

Mr.  W.  H.  Jenkins,  who  took  this  canvass,  draws  the  following  conclusions  as  to  the 
principles  of  success  in  profitable  dairy  farming: 

(1)  Breed  for  the  largest  yield  of  butter  fat. 

(2)  Feed  a  balanced  and  succulent  ration,  grown  mostly  on  the  turn. 

(3)  Use  comfortable  and  sanitary  stables. 

(4)  Spread  all  the  manure  on  the  soil  without  loss. 


>  For  explanation  in  regard  to  comparison  of  ratios,  see  footnote  to  canvass  2,  p.  14. 
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CANVASS  NO.  8. 

Conducted  in  vicinity  of  Bainbridge,  New  York,  1901-2,  among  creamery  i^trons. 

H.  H.  Lyon,  canvasser.    100  herds,  1,553  cows. 

{Average  price  of  milk,  90.6  cents  per  100  pounds.] 


Compctrlaons. 


Total  of  canvass 

Cows: 

Dairy  type 

Mixed  type 

Feed:  BUagefed 

Stables: 

Good 

Poor 

Reading: 

Da^  literature 

Agricultural  literature 

Nothing 

Remits: 

Meet  profitable  herds. 

Least  profitable  herds . 
Combination  of  features: 

Best  combination 

Poorest  combination. . 


I 


a 


100 

27 
12 
25 

43 
25 

7 
34 
44 

10 
10 

5 

4 


8 


.Q 

B 

2 


1,563 

428 
185 
648 

ODO 

387 

108 
627 
682 

146 
146 

97 
42 


I 


I 


I 


138.10 

38.98 
36.43 
38.68 

38.96 
35.76 

41.00 


37.61 

38.30 
36.60 

38.00 
36.50 


a. 

8 

^l 

It 


3,908 

4,629 
3,116 
4,139 

4,256 
3,266 

5,366 


3,546 

6,389 
2,303 

5,360 
3,099 


SS-o 


• 


11.02 

1.20 

.85 

1.06 

1.10 
.87 

1.39 

1.04 

.93 

1.43 
.60 

1.40 
.84 


I 


10.89 

7.79 

■  6.27 

2.32 

4.06 
-  4.50 

16.99 


-  2.44 

16.66 
-14.68 

16.20 

—  6.84 


3  . 


s 

Pt4 


to.  975 

.842 

1.106 

.935 

.914 
1.009 

.764 


.71 
1.58 

.71 
1.18 


•s 

Ut 

I 


68 

25 

2 

15 

28 
8 

7 
22 
20 

10 
0 

6 
0 


4 

« 
I 

I 

42 

2 
10 
10 

16 
17 

§ 
12 
24 

0 
10 

0 

4 


Notes  ok  Canvass  No.  8. 

This  canvass  represents  a  territory  supplying  whole  milk  to  creameries  by  weight. 

The  herd  showing  the  largest  percentage  of  profit  returns  $1.67  for  each  dollar  spent 
in  feed,  is  of  dairy  type,  and  has  a  good  stable;  the  owner  reads  dairy  literature  and 
feeds  silage. 

It  appears  that  large  factors  in  success  are  the  character  of  the  cow,  the  owner's  skill 
in  selection,  and  the  feed  and  care  given. 

The  apparent  needs  of  this  territory  are  better  and  cheaper  rations  and  better  cows. 
There  is  no  pure-bred  herd  in  this  canvass.  Only  two  herds  have  pure-bred  sires, 
and  these  were  only  recently  placed  in  service. 

Of  the  dairy  type  herds,  9  are  fed  silage,  14  have  good  stables,  12  have  fair  stables, 
and  one  has  a  poor  stable;  17  owners  read,  and  7  do  not. 

Of  the  mixed  herds,  2  are  fed  silage,  4  have  good  stables,  1  a  fair  stable,  and  7  x)oor 
stables;  3  owners  read,  and  8  do  not. 

The  dairy  type  herds  return  35  cents  more  for  each  dollar's  worth  of  feed  than  the 
mixed  herds,  the  net  profit  being  |13.0€  greater.  The  type  of  61  of  the  herds  in  this 
canvass  is  not  reported. 

Of  the  silage-fed  herds,  9  are  of  dairy  type,  and  2  mixed,  14  being  uncertain. 
Thirteen  have  good  stables,  8  have  fair  stables,  4  have  poor  stables;  15  owners  read, 
and  8  do  not.  The  net  profit  of  the  silage-fed  herds  is  2}  times  the  average  for  the 
whole  canvass. 

The  ratio  of  profitable  to  unprofitable  herds  b  nearly  three  times  (2.9)  as  great  among 
fhe  readers  as  among  those  who  do  not  read.^ 

The  ratio  of  profitable  to  unprofitable  herds  is  four  times  as  great  with  good  stables  as 
with  poor  stables.^ 

Of  the  10  most  profitable  herds,  7  are  of  dairy  type,  5  are  fed  silage,  7  have  good 
btables,  2  have  &ir  stables,  1  has  a  poor  stable,  and  9  owners  read. 

1  For  explanation  in  regard  to  comparison  of  ratios  see  footnote  to  canvass  2,  p.  14. 
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Of  the  10  least  profitable  herds,  1  is  compoeed  of  dairy  grades;  the  others  are  mixed. 
Only  2  owners  are  readers,  and  they  of  agricultural,  not  dairy  papers.  Only  2  herds 
are  fed  silage;  only  1  has  a  good  stable,  3  have  fair  stables,  and  6  have  poor  stables. 

The  least  profitable  herds  average  14.6  cows  to  the  herd.  At  the  average  loss  of 
$14.53  per  cow,  the  loss  on  each  such  herd  amounts  to  $212.14  per  year. 

The  best  combination  of  features  includes  dairy  type,  silage  feeding,  good  stables, 
and  reading  dairy  or  agricultural  ^pers.  The  poorest  combination  of  features  includes 
scrub  herds,  poor  stables,  no  silage,  and  no  reading. 

CANVASS  NO.  9. 

Conducted  in  Wisconsin,  1901-2,  with  creamery  and  cheese-factory  patrons.    0.  P. 

Goodrich,  canvasser.    60  herds,  809  cows. 

[  ATwage  price  of  milk,  85.2  oenta  per  100  potiiid8>  average  price  of  butter,  10.8  cents  per  pound.] 


Compariaons. 


Total  of  canvass 

Cows: 

Dairy  type 

Mixed  tvpe 

Best  dau-y  type 

Best  beef  t3rpe 

Feed:  Silage  used 

Results: 

Most  profitable  herds . 

Least  profitable  herds 


i 

I 


60 

18 

16 

1 

1 

6 

10 
10 


i 

e 


800 

ivr 

lOfi 
25 

7 

111 

157 
142 


^8 


! 


1 


120.88 

31.70 
29.26 
28.00 
29.00 
31.50 

31.50 
31.80 


'I 


4,204 

5,060 
8,731 
5,800 

SiMtA 
,ZDO 

5,928 

5,550 
3,237 


& 


58 

II 

I 


185 

235 
160 
208 
152 
260 

250 

141 


I 
i 


11.20 

1.48 
1.05 
2.04 
.96 
1.68 

1.61 
.85 


16.04 

15.30 

1.60 

29.18 

-  1.05 
21.42 

19.22 

-  4.84 


l-g 


ia7i 

.626 
.784 
.482 
.887 
.531 

.668 
.985 


Sri 
"Si 


10.161 

.135 

.183 

.004 

.19 

.121 

.121 
.225 


46 

13 
8 
1 
0 
6 

10 
0 


1 

I 

1 

s- 


14 

0 

8 
0 
1 
0 

0 
10 


Notes  on  Canvass  No.  9. 

The  prices  of  feed  given  are:  Timothy  hay  $12,  mixed  hay  $8,  com  stover  $3,  silage 
$2.50,  oats  $28,  com  |21,  wheat  bran  $19.50,  gluten  $24,  malt  sprouts  $18.50,  whole 
malt  $30;  pasture  $5  for  the  season. 

Of  the  13  herds  of  dairy  type,  6  use  silage.  Of  the  16  herds  of  mixed  breeding, 
none  use  silage.  The  herds  of  dairy  type  return  a  net  profit  nine  times  as  great  as  that 
of  mixed  herds.    The  6  herds  using  silage  are  all  of  dairy  type. 

Of  the  10  most  profitable  herds,  8  are  of  dairy  type,  2  are  of  dual-purpose  breeding. 
All  the  herds  which  use  silage  are  in  this  group  also. 

Of  the  10  least  profitable  herds,  none  use  silage;  2  are  of  dairy  type,  and  8  are  of 
mixed  breeding. 

The  best  herd  of  dairy  type  consists  of  25  Guernsey  and  Jersey  cows.  The  ration 
fed  includes  bran  and  malt  sprouts  6  pounds;  silage  30  pounds;  fodder  com  in  the  fall; 
pasture  only  in  the  summer.  The  owner  estimates  that  the  added  value  of  the  skim 
milk  brings  his  net  profit  up  to  $40.80  per  cow  per  year. 

The  best  herd  of  beef  type  consists  of  seven  Durham  grades.  The  ration  is  of  malt 
sprouts  and  grain  oats,  6  pounds  com  stover,  hay,  and  straw;  pasture  during  summer. 
Adding  the  value  of  the  skim  milk  to  the  creamery  returns,  we  have  a  net  profit  of 
$5.48  per  cow.  The  net  profit  of  the  best  dairy-type  herd,  thus  figured,  is  more  than 
seven  times  that  of  the  best  beef-t3rpe  herd. 

Some  further  conclusions  drawn  from  this  canvass  by  the  canvasser,  Mr.  0.  P. 
Goodrich,  are: 

That  heavy  feeders,  with  good  cows,  stabled  in  comfort,  make  more  profit  than 
cheap  feeders,  relying  on  pasture  for  cows  coming  fresh  in  spring. 
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That  the  use  of  silage  increases  the  quantity  of  milk  about  12  per  cent  over  dry  feed 
of  the  same  kind. 

That  the  cheese  factory  paid  its  patrons  92  cents  per  100  pounds  for  4  per  cent  milk, 
while  the  creamery  average  for  the  same  grade  was  84  cents;  this  difference  of  8  cents 
per  100  pounds  may  represent  the  difiecence  in  value  between  the  skim  milk  and  the 
whey. 

CANVASS  NO.  10. 

Ck>nducted  in  New  York,  1901-2,  among  members  of  the  Onondaga  Milk  Association. 

W.  H.  Jenkins,  canvasser.    45  herds,  1,022  cows. 

[  Averafe  prioe  of  milk*  11.066  per  100  pounds.] 


ComparlaoDs. 


Total  of  canvass 

Cows: 

Dairy  type 

Scrub  type 

Feed:  Silage  feeders 

Stables: 

Good 

Poor 

Reading;: 

Dairy  literature 

Nothing 

Results: 

Most  profitable  herds. 

Least  profitable  herds 


•8 

I 


45 

8 

5 

14 

86 
9 

31 
14 

10 
10 


■8 
I 


1,022 

166 
139 
380 

817 
204 

713 
309 

203 
260 


$48.71 

45.26 
44.60 
42.43 

43.80 
4L80 

46.19 
41.21 

45.70 
47.90 


I 


5,296 

6,923 
3,415 
4,968 

5,998 
4,380 

5,598 
4,629 

7,684 
3,457 


I 


o 

Pi 


11.30 

1.67 
0.84 
1.26 

1.85 
1.12 

1.34 
1.20 

1.81 

.77 


o 
o 

i 


2 


113.05 

30.32 

-  7.05 

10.96 

15.30 
5.24 

15.80 
8.24 

86.95 
-11.08 


I 


f*4 


Sa825 

.668 
1.30 
.863 

.732 
.956 

.807 
.89 

.594 
1.385 


84 

7 

1 

11 

27 
7 

24 

11 

10 
0 


11 

1 
4 

8 

9 
2 

7 
3 

0 
10 


NoTBs  ON  Canvass  No.  10. 

This  canvass  shows  great  differences  between  the  herds,  due  perhaps  to  the  excep- 
tional locality,  near  a  large  city  (Syracuse).  The  average  milk  yield  in  this  canvass 
is  the  largest  of  the  whole  series  of  canvasses,  and  the  stables  are  unusually  good. 
Winter  dairjring  is  most  profitable.  Alfalfa  hay  is  the  principal  roughage  and  is  fed 
with  a  moderate  grain  ration.  The  use  ot  silage  here  is  a  rather  perplexing  factor, 
the  results  being  somewhat  contradictory.  The  alfalfa  seems  to  be  more  significant 
than  the  silage.  There  is  probably  unusual  force  of  individuality  among  the  dairy- 
men in  this  section. 

Nearly  every  herd  in  this  canvass  is  made  up  laigely  of  grade  Holsteins,  with  many 
high-grade  and  several  pure-bred  herds.  The  ratio  of  profitable  to  improfitable  herds 
is  28  times  as  great  among  the  dairy-type  herds  as  it  is  among  the  scrub  herds. 

Among  the  10  most  profitable  herds,  5  are  of  dairy  type  and  5  are  grades  of  dairy 
breeds,  but  of  uncertain  type.  Nine  of  these  herds  have  good  stables,  and  9  of  the 
owners  are  readers. 

Among  the  10  least  profitable  herds,  only  1  is  of  dairy  type;  3  are  dairy  grades  of 
uncertain  type;  2  are  of  mixed  breeding;  and  4  are  dairy  grades  of  poor  type.  This 
group  shows  a  very  high  cost  of  feed,  resulting  probably  from  feeding  too  much  grain, 
while  overlooking  the  great  value  of  the  alfalfa  in  the  ration.  Eight  stables  in  this 
group  are  good,  2  are  poor;  7  owners  are  readers. 

The  two  men  who  are  specially  noted  as  great  readers  and  students  of  dairying 
receive,  respectively,  92.21  and  $2.37  for  each  dollar  spent  in  feed. 

The  average  gain  of  those  who  read  over  those  who  do  not  read  amounts  to  $7.06  per 
year  for  each  cow. 

The  average  gain  of  those  who  have  good  stables  is  three  times  that  of  those  who  have 
poor  stables. 

64153°— Bull.  164—18 < 
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CANVASS  NO.  11. 

Conducted   in   Manhall   Ccranty,   Ind.,   19Q2-3.    C.  P.  Goodrich,   csuvwmer.    50 

herds.    282  cows. 

[AT«ng0  price  of  milk,  85  emts  pw  100  poands;  vnngt  price  of  butter  bt,  10.4  oeots  per  pound.] 


CompviBone. 


i 


■8 

I 


I 


t 


I 


8 


•3 


S. 

U 


SI 


t 


1^ 


1% 


k 


S 


XX 

« 

.D 

I 


Total  of  canvass 

Cows: 

Dalirtype 

Scrobtype 

Feeding: 

Silage  used 

NosHage 

Readixig: 

Dairy  lltentore 

Nothing 

Remits: 

Host  profitable  herds. 

Least  profitable  herds 


M 

16 
10 

6 
45 

0 
44 

10 
10 


04 
134 

46 
237 

34 
348 

07 
76 


64.06 

25.18 
25.00 

23.57 
25.23 

24.06 
25.36 

24.40 
26.80 


3,730 

4,640 
3,113 

4,823 
3,602 

4,133 
8,640 

6,138 
2,661 


106.0 

308.6 

130.0 

211.3 
166.6 

181.0 
160.0 

220.0 
12aO 


81.26 

1.61 
1.07 

1.71 
1.18 

1.46 
1.22 

1.82 
.86 


10.67 

15.30 
1.'87 

16.74 
4.64 

1L07 
6.68 

2a  00 
-3.72 


80.668  10.16 


.664 

.832 

.503 


.12 
.186 

.116 


.682 
.601 

.474 
1.046 


.133 
.150 

.106 


30 

16 
10 

6 
34 

6 
33 

10 
0 


11 

1 
0 

0 
11 

0 
11 

0 
10 


Notes  on  Canvass  No.  11. 

Prices  of  feed:  Ground  com  and  oats  $17  a  ton,  wheat  bran  $17,  oil  meal  $30, 
com  in  the  ear  $12,  timothy  hay  $10,  clover  hay  $8,  com  stover  $2  per  load,  silage 
$2  per  ton,  pasture  $5  per  head  for  the  summer. 

Quantity  of  feed:  It  is  estimated  that  each  cow  eats  during  the  winter  2  tons  of 
hay  or  its  equivalent  in  com  stover.  Four  or  five  loads  of  com  stover  are  estimated 
to  furnish  these  2  tons  of  forage  when  fed  on  the  ground  in  the  ordinary  manner. 
Silage  weighs  25  to  35  pounds  to  the  bushel  as  taken  from  the  silo. 

The  production  of  butter  fat  is  given,  instead  of  that  of  butter  as  in  previous  can- 
vasses. 

Herds  of  dairy  type  retum  over  eight  times  the  net  profit  of  those  of  beef  or  scrub 
type. 

Of  the  10  most  profitable  herds,  eight  are  of  dairy  tyx>e.  Of  the  10  least  profitable 
herds,  none  are  of  dairy  type. 

The  net  returns  from  herds  using  silage  are  three  times  as  great  as  those  from  the 
herds  not  using  silage. 

Owners  who  read  dairy  6r  agricultural  papers  receive  twice  the  net  profit  of  those 
who  do  not  read. 

Illustrations  frcmi  records  of  single  herds. 


No.  3,  dairy  type... 
No.  4,  beef  type 

No.  17,  dairy  grades 
No.  7,  dairy  grades . 

No.  21,  mixed 

No.  23,  mixed 

No.  20,  dairy  type.. 
No.  19,  beeityx>e... 

No.  42,  dairy  type.. 

No.  28,  scrub  tjrpe. . 


Feed 
cost. 


820.00 
25.  pO 

27.00 
18.60 

22.00 
20.00 

30.00 
20.60 

30.00 

23.00 


Ration,  com  and  clover 

Praotioally  same  ration 

Ooodfood,  stable,  and  care 

Poor  liood,  stable,  and  care 

Care  exceDent;  regular 

Irregular;  dairy  a  side  issue 

Ooodtjrpe,  with  silage 

Poor  type,  though  profitable  with  silage. . . . 

Owner  student,  balanced  ration,  good  stable, 

and  care. 
Scrub  fiarmer  and  poor  feed 


Returns 

per 
dollar. 


$1.61 
1.03 

1.74 
0.06 

2.02 
L17 

2.08 
1.79 

1.64 

1.02 


Net 

profit. 


816.78 


19.05 
-.33 

22.41 
3.30 

3L0O 
16.16 

16^16 
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CANVASS  NO.  12. 

Conducted  in  Geauga  County,  Ohio,  1908,  among  cheese-factory  patrons. 

Poole,  canvasser.    100  herds.    1,027  cows. 

[  ATvage  price  of  niiUc,  88.9  otnti  per  100  pounds.] 


G.  L. 


Comparisoiu. 


Total  of  canvass. 
Cows: 


Dairy  type 

Not  dauy  type. 


Raise  heifers. 

Feed:  Use  silage 

Stables: 

Excellent 

Good 

Fair 

Poor 

Reading: 

Dairy  literature 

Agiicoltural  literature. 

Nothing 

Results: 

Most  profitable  herds. . 
'   Least  profitable  herds. 


o 

I 

7^ 


100 

50 
30 
38 
15 

16 
15 
31 
83 

22 
37 
24 

10 
10 


IS 

8 

•s 


1,037 

572 
388 
881 
241 

162 
151 
312 
834 

221 
874 
243 

127 
08 


I 


I 


I 


128.20 

28.86 
26.51 


31.00 
30.35 


26.81 
20.45 


26.54 

30.25 
27.26 


8 


4,547 

5,380 
3,361 


5,501 
5,270 


3,064 
5,585 


3,567 

6,830 
2,835 


$1.46 

1.60 
1.12 
1.71 
1.71 

1.60 
1.53 
1.46 
1.35 

1.75 
1.51 
1.10 

2.15 
.00 


I 

2 


113.03 

10.01 
3.18 


22.05 
18.21 


0.38 
22.09 


5.04 

34.80 
-2.64 


1^ 


10.  (Q 

.546 
.785 


.564 
.576 


I 

I 


.671 
.527 


.744 

.443 

.961 


92 

49 
22 
33 
15 

16 
14 
30 
28 

22 
37 
16 

10 
2 


I 


S 


8 

1 
7 
0 
0 

0 
1 
1 
6 

0 
0 
8 

0 

8 


Notes  ok  Canvass  No.  12. 

Herds  of  dairy  type  return  six  times  as  much  net  profit  per  cow  as  those  not  of  dairy 
type. 

Twenty-six  owners  who  raise  heifers  from  herds  of  dairy  type  receive  for  each  dollar 
invested  in  feed  $1.80.  Seven  owners  who  raise  heifers  from  herds  not  of  dairy  tyx)e 
receive  for  each  dollar  invested  in  feed  $1.^. 

Every  silage  feeder  makes  a  profit.  ^ 

The  character  of  the  stable  is  a  fair  index  to  the  profit  from  the  herd. 

Readers  of  dairy  literature  receive  four  times  the  net  profit  of  those  who  do  not  read. 
The  net  profit  of  readers  of  general  agricultural  papers  is  only  slightly  above  the  average 
for  the  whole  canvass. 

Of  the  10  most  profitable  herds,  all  are  of  dairy  type,  9  owners  read,  9  raise  heifers, 

4  feed  silage,  2  have  excellent  stables,  3  have  good  stables,  4  fair  stables,  and  1  a  poor 
stable. 

Of  the  10  least  profitable  herds,  only  1  is  of  dairy  type,  1  owner  reads  an  agricultural 
paper,  none  feed  silage,  1  raises  heifers,  1  stable  is  excellent,  2  are  good,  2  fair,  and 

5  poor. 

The  best  combination  of  features  is  found  in  a  group  of  five  herds  returning  for  each 
dollar  spent  in  feed  12.06.  In  this  group  all  are  of  dairy  type,  all  owners  read,  all  feed 
silage,  all  raise  heifers,  all  have  excellent  stables. 

Conclusions  by  the  canvasser: 

Some  men  get  better  profit  than  others  with  the  same  kind  of  cows  and  feed. 

What  pays? 

Answer:  Comfortable  stables,  persistent  milkers,  careful  attention,  silage,  and 
feed  rich  in  protein. 
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CANVASS  NO.  13. 

Conducted  in  Loiain  and  liedina  Countta,  Ohio,  1904.    G.  L.  Poole,  canvMBer.    87 

herdfly  686  cows. 


(ATwage  price  of  milk  77.3  ocalg  ptr  IflO  poimdt. 


pitot  of  iMttar,  15.1  oeots  per  pound.] 


Total  of  ( 
Cowb: 

Dairy  type 

Not  dairy  type 

RaJae  heifiBrs 

Feed:  Silage  fed 

Stables: 

Excellent. 

Good 

Fair 

Pooc. 

Reading: 

Dairy  Uteratore. 

Aipricultnral  literature . 

Nothing 

Results: 

Host  profitable  herds . . 

Least  profitable  herds . 


I 


87 

29 

34 

41 

8 

3 
90 
20 
40 

2 
45 
81 

10 
10 


685 

244 
217 


9S 

22 
149 
146 
2B1 

15 
328 

226 

74 
83 


H 


f 


27.29 
26.88 


27.00 
27.38 


25.91 

28.00 

26.48 

26.74 
28.20 


3,868 

4,374 
3.380. 


4,506 
4,704 


3,488 
4,736 


3,524 

4,884 
2.845 


I 


! 


105 

235 
165 


251 
279 


178 
293 


170 

281 
136 


I 


S 


& 


SI.  10 

1.30 

.92 

1.14 

1.42 

1.61 
1.12 
1.11 
1.08 

1.71 
1.11 
1.05 

1.66 
0.71 


82.80 

8.10 
-2.10 


11.51 
16.67 


1.996 
20.08 


1.245 

17.75 
-8.22 


n 

§ 


.634 
.792 


.587 
.581 


h 

-si 
& 

1 


10.14 

.12 
.162 


.107 
.096 


.743 
.501 


.751 

.547 
.991 


.145 
.096 


.148 

086 
.206 


I 


55 

23 
14 
27 

7 

3 
12 
12 
25 

2 
27 
19 

10 
0 


1 

a 


32 

6 
20 

14 
1 

0 

8 

8 

15 

0 
18 
12 

0 
10 


N0TK8  ON  Canvass  No.  13. 

The  ratio  of  profitable  to  unprofitable  herds  is  5}  times  as  great  among  herds  of 
dairy  type  as  it  in  among  herds  lacking  dairy  type.*  The  type  of  24  herds  in  the 
canvass  appears  to  be  imcertain.  The  foundation  stock  in  many  herds  was  laigeiy 
Duiham.  Upon  this  the  Holstein-Friesian  was  crossed  in  order  to  increase  the  quan- 
tity of  milk  produced.  Then  the  Jersey  cross  was  used  to  enrich  the  quality  of  the 
milk.    Th^  results  are  generally  failures  as  milk  producers. 

The  profit  of  raising  heifers  rather  than  bujring  cows  to  renew  the  herd  appears  to 
depend  largely  upon  the  type  of  animals  from  which  the  heifers  are  bred.  The  ratio 
of  profitable  to  unpiofitable  herds  is  seven  times  as  great  among  the  men  who  raise 
heifers  from  cows  of  dairy  type  as  it  is  among  those  who  raise  heifers  from  cows  lacking 
dairy  tjrpe.* 

The  only  silage  feeder  who  fails  to  make  a  profit  £eeds  cows  of  mixed  breeding  and 
not  of  dairy  type. 

Of  the  10  most  profitable  herds,  8  are  of  dairy  type,  4  use  silage,  9  owners  read 
agricultural  literature  (of  whom  2  read  dairy  literature),  5  have  good  stables,  2  excel- 
lent stables,  2  fair  stables,  and  1  a  poor  stable;  5  raise  heifers. 

Of  the  10  least  profitable  herds,  3  are  of  dairy  type,  1  uses  silage,  7  owners  read 
agricultural  literature,  5  have  good  stables,  1  fair,  and  4  poor,  and  4  raise  heifers. 

Reading  agricultural  papers  which  are  not  specially  dairy  papers  does  not  seem  to 
bring  very  much  more  profit  than  reading  no  papers  at  all. 


1  For  explanation  in  regard  to  comparison  of  ratios  see  footnote  to  canvass  2,  p.  14. 
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CANVASS  NO.  14. 

Conducted  in  Wayne  and  Franklin  Countiea,  Pa.,  1904.    Nathan  Jenkins^  canvasser. 

99  herds,  858  cows. 

[Average  price  of  milk,  84  cents  per  100  pounds;  arerage  prfoe  of  butter,  18  cents  per  pound.] 


Comparisons. 


Total  of  canvass. 
Cows: 


Dairy  type. 
Scrub' 


herds 

Feed:  Silage 

Stables: 

Excellent 

Good 

Fair 

Poor 

Reading: 

Dairy  literature 

Agricultural  literature. 

Nothing 

Besults: 

Most  profitable  herds . . 

Least  profitable  herds . 

Largest  profit 

Qreatast  loss 


i 

■5 

i 


90 

10 
8 
2 

2 

9 

26 

6 

12 

37 
51 

10 

10 

1 

1 


8 

O 

I 


868 

78 
60 
27 

16 
100 
264 

28 

122 
217 
438 

65 
92 
10 
22 


h 
I 


829.44 

80.86 
31.06 
30.79 

30.64 


32.20 
30.17 


20.74 

29.90 
32.83 
32.58 
31.00 


■51 


3,260 

4,606 
2,494 
4,338 

3,825 


8,218 
3,850 


3,027 

4,884 
2,384 
4,854 
1,283 


H 

If 


s 


158 

214 
114 
204 

181 


152 
179 


142 

206 

109 

236 

88 


& 


10.94 

1.32 

.62 

1.36 

L12 

.98 

1.01 


1. 10 
.99 


1.36 
.55 

1.50 
.42 


^1.85 

9.83 

-12.06 

n.06 

3.68 


•0.90 

.68 

1.28 

.71 

.801 


-  6.44 
3.02 


-  8.57 

10.90 
-14.70 

16.21 
-17.91 


1.001 
.784 


.982 

.68 
L87 

.67 
2.42 


I 


1 


I 


I0L192 

.144 
.279 
.15 

.160 


.212 
.160 


.21 

.145 
.301 
.14 
.35 


i 

I 


10 
0 
2 

2 
4 

9 
1 

8 
15 
15 

10 
0 
1 
0 


60 

0 
8 
0 

0 

5 

16 

4 

4 

12 
36 

0 

10 

0 

1 


Notes  on  Canvass  No.  14. 


The  first  40  herds  of  this  canvass,  in  Wa3me  County,  show  poor  cows,  poor  care, 
poor  feed,  and  owners  read  little. 

The  next  59  herds  are  in  Franklin  County,  in  the  Cumberland  Valley,  near  the 
Maryland  line.  Nearly  all  the  land  is  tillable.  The  usual  rotation  is  com,  wheat,  and 
grass.  The  common  bam  has  basement  with  brick  or  stone  wall,  the  second  story 
projecting  6  feet  or  more  on  one  side,  with  a  driveway  to  second  floor  on  opposite  side. 
Stalls  on  cross  lines.  Windows  and  doors  under  projections.  No  basement  floor; 
straw  for  bedding.  Manure  accumulates  until  corn-planting  time.  Dairying  is  not 
chief  source  of  income. 

Four  herds  make  a  net  profit  of  $10  per  cow  or  more;  10  herds  make  a  net  loss  of 
$10  per  cow  or  more;  19  herds  make  a  net  profit  of  $5  per  cow  or  more;  31  herds  make 
a  net  loss  of  $5  per  cow  or  more;  16  heids  make  a  butter  average  of  200  pounds  or  more; 
83  herds  make  a  butter  average  leas  than  200  pounds. 

Only  18  herds  in  this  canvass  are  so  reported  as  to  make  clear  whether  they  are  of 
dairy  type  or  not.  The  cost  of  producing  milk  and  butter  is  nearly  twice  as  great 
with  scrubs  as  with  cows  of  dairy  type.  The  average  net  profit  for  cows  is  $21.91 
greater  with  cows  of  dairy  type  than  with  scrubs. 

Of  the  10  owners  of  herds  of  dairy  type  3  read  dairy  papers,  6  read  agricultural 
papers,  and  1  does  not  read.  One  of  these  owners  has  an  excellent  stable,  2  have 
good  stables,  4  have  fair  stables,  and  1  has  a  poor  stable. 

Of  the  8  owners  of  scrub  herds,  none  read  dairy  papers,  3  read  agricultural  papers, 
and  3  read  none  (2  not  reporting  on  this  point).  None  of  this  group  are  reported  as 
having  either  good  or  excellent  stables. 

Only  2  herds  in  this  canvass  are  fed  silage. 

The  character  of  the  stabling  is  reported  for  only  41  herds  in  this  caavaas. 


28 


DAIBT  HBBD  BBC0BD8. 


Of  the  10  moflt  profitable  herds,  7  are  of  dairy  type  and  3  of  uncertain  tjrpe ;  4  owners 
read  dairy  papers,  3  read  agricultural  papers,  2  read  none,  and  1  is  not  reported  as  to 
reading.    One  of  the  group  has  a  good  stable,  and  7  have  fair  stables. 

Of  the  10  least  profitable  herds,  none  are  of  dairy  type,  6  are  of  scrub  type,  and  4 
are  of  uncertain  type.  None  of  the  owners  in  this  group  read  dairy  papers,  3  read 
agricultural  papers,  and  6  read  none.  No  stables  in  this  group  are  reported  as  either 
excellent  or  good. 

The  largest  profit  comes  to  a  man  who  feeds  silage,  reads  dairy  literature,  has  dairy 
type  cattle,  raises  heifers,  and  has  fair  stables. 

The  greatest  loss  is  in  a  herd  of  mixed  grades,  whose  oynker  does  not  read  and  puts 
other  business  first. 

The  ratio  of  profitable  to  unprofitable  herds  is  nearly  &ve  (4.8)  times  as  great  among 
readers  of  dairy  papers  as  it  is  among  those  who  do  not  read.'  No  report  is  given  as 
to  the  reading  of  9  owners. 

CANVASS  NO.  15. 

Conducted  in  vicinity  of  Andover,  Conn.,  1904,  among  cooperative  cream-gathering 

patrons.    H.  H.  Lyon,  canvasser.    50  herds,  445  cows. 

[Average  price  of  IratUt  &t,  20.96  cents  per  pound.) 


CompariBOEu. 


Total  of  canvass 

Cows:  Dairy  tyjM 

Feed:  Silage 

Stables: 

Good 

Fair 

Poor 

Reading: 

Dairy  literature 

Agricultural  literature 

Nothing 

Results: 

Most  profitable  herds. 

Least  profitable  herds. 


I 

"S 

I 


50 
7 
1 

3 

16 

8 

6 

29 
11 

6 
5 


I 

O 


445 
88 
14 

56 

166 

46 

88 

248 

72 

53 
33 


I 


8 


837.02 
88.25 
38.75 

37.63 


36.50 
38.60 


36.09 

38.67 
36.87 


II 


138.2 
161.9 
191.3 

157.8 


111.8 
182.0 


128.0 

201.2 
109.1 


11.004 
1.18 
1.44 

1.28 

1.02 

.79 

1.81 
.97 
.89 

1.41 
.75 


I 
ft 


iai3 

6.91 
17.19 

ia54 


-7.66 
11.97 


-8.97 

15.96 
-9.37 


ia268 
.236 
.203 

.238 


.826 
,212 


.293 

.192 
.337 


•9 

I 

» 

I 


24 
5 
1 

3 

11 

0 

6 

13 

3 

5 
0 


« 

I 

C 


26 
2 
0 

0 
5 
6 

0 
16 

8 

0 
5 


NoTKS  ON  Canvass  No.  15. 

Prices  of  feed:  Pasturage  |5  per  season;  bran  $22  per  ton;  hay  $12  per  ton;  cotton- 
seed meal  $30  per  ton;  com  fodder  $6  per  ton;  silage  $3  per  ton. 

Of  the  7  owners  of  herdh  of  dairy  type,  all  are  readers;  3  read  dairy  papers  and  4 
read  agricultural  papers.  Two  of  this  group  have  good  stables,  2  have  fair  stables,  and 
1  has  a  poor  stable. 

The  ratio  of  profitable  to  unprofitable  herds  is  nearly  three  (2.7)  times  as  great 
among  the  herds  of  dairy  type  as  it  is  throughout  the  canvass  as  a  whole.^ 

The  one  silage  feeder  has  a  herd  of  dairy  type,  reads  dairy  papers  and  has  a  fair 
stable. 

Of  the  most  profitable  herds,  all  are  grades  of  dairy  breeds;  3  owners  read  dairy 
literature,  1  has  a  good  stable,  3  have  fair  stables. 

Of  the  least  profitable  herds,  none  are  of  good  dairy  type ;  3  owners  read  agricultural 
literature,  2  read  nothing,  3  have  poor  stables,  1  has  a  fair  stable. 


1  See  footnote  to  canviss  2,  p.  14,  for  explanation  as  to  comparison  of  ratios. 
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The  man  who  makes  the  largest  profit  has  a  herd  of  16  grades  of  dairy  type,  produc- 
ing an  average  of  215  pounds  of  butter  fat,  returning  for  each  dollar  spent  in  feed  $1.52 
and  a  net  profit  per  cow  of  $22.12.    He  has  a  good  stable  and  reads  dairy  papers. 

The  readers  of  dairy  papers  receive  for  each  dollar  spent  for  feed  $0.42  more  than 
the  men  who  do  not  read. 

CANVASS  NO.  16. 

Conducted  in  central  and  northern  portions  of  Vermont,  1904,  among  patrons  of  four 
creameries.    H.  H.  Lyon,  canvasser.    100  herds,  1,914  cows. 

[Avenge  price  of  butter  fat  per  pound,  22.26  cents.] 


Comparleons. 


Total  of  oanvBss 

Cows:  Daily  type 

Feed:  SUage. 

Stables: 

EzoeUent 

Good... 

Pair 

Poor 

Reading: 

Dairy  Uteratuxe. 

Agricnltoial  literature 

Nothing 

Results: 

Most  profitable  herds. 

Least  profitable  herds. 


100 
12 
19 

6 

8 

22 

15 

11 
84 
88 

10 
10 


f 


1,914 
8M 
(M2 

215 
261 
419 
214 

189 
553 
658 

243 
146 


Il86w57 
87.21 
86.05 

86.91 


86.58 
87.36 


86.00 

88.87 
86.75 


PL4 


150.5 
207.5 
160.9 

177.2 


123.2 
206.1 


134.6 

231.2 
92.8 


11 


& 


to.  91 
1.32 
1.04 

1.88 

1.18 

.94 

.73 

1.25 
.91 
.80 

1.80 
.54 


I 

Pi 


-S8.20 

11.90 

1.66 

14.03 


9.86 
9.34 


-  7.20 

15.15 
-16.90 


Is. 

r 


so.  242 
.179 
.224 

.208 


.207 
.182 


.267 

.166 
.40 


i 

o 

I 

I 


82 
11 
12 

6 

7 
7 
0 

10 

11 

5 

10 
0 


•9 
I 

i 
1 


1 
7 

0 
1 

15 
15 

1 
28 
33 

0 
10 


Notes  on  Canvass  No.  16. 

Prices  of  feed:  Pasture  $5  per  season;  hay  $12  a  ton;  silage  13  a  ton;  bran  $21  a 
ton;  com  meal  $22  a  ton;  cottonseed  meal  $30  a  ton;  linseed  meal  $30  a  ton;  gluten 
meal  $24  a  ton. 

Of  the  12  owners  of  dairy  type  herds,  7  feed  silage,  6  read  dairy  {Mpers,  1  reads 
general  farm  papers,  1  reads  none,  and  4  are  not  reported  as  to  reading.  Of  this  group, 
6  have  excellent  stables,  3  have  good  stables,  and  4  are  not  reported  as  to  stables. 

Herds  of  dairy  type  return  for  each  dollar's  worth  of  feed  41  cents  more  than  the 
average  of  the  whole  canvass. 

Of  the  6  owners  of  excellent  stables,  all  have  herds  of  dairy  type  except  1,  and  that 
herd  is  of  grades  of  a  dairy  breed;  3  use  silage,  3  read  dairy  papers,  1  reads  a  farm 
paper,  and  2  are  not  reported  as  to  reading. 

Of  the  8  owners  of  good  stables,  3  have  herds  of  dairy  tjrpe,  6  feed  silage,  4  read  dairy 
papers,  2  read  farm  papers,  1  reads  nothing,  and  1  is  not  reported  as  to  reading. 

Of  the  11  readers  of  dairy  papers,  6  have  herds  of  dairy  tyx>e,  3  feed  silage,  3  have 
excellent  stables,  4  have  good  stables,  1  has  a  fair  stable,  and  3  are  not  reported  as  to 
stabling. 

Men  who  read  dairy  literature  earn  wiUi  each  dollar  spent  in  feed  45  cents  more 
than  men  who  do  not  read. 

Of  the  10  most  profitable  herds,  all  are  grades  of  dairy  breeds,  8  are  of  good  dairy 
type;  4  owners  feed  silage,  6  read  dairy  literature,  4  have  excellent  stables,  4  have 
good  stables. 

Of  the  10  least  profitable  herds,  none  are  of  good  dairy  type,  6  are  grades  of  dairy 
breeds,  4  are  of  mixed  breeding;  only  1  owner  reads  agricultural  literature,  7  owners 
read  nothing;  1  feeds  silage,  4  have  poor  stables,  and  the  stabling  of  6  is  not  reported. 
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Seven  herds  average  $10  or  more  profit  per  cow  per  year.  All  these  are  of  dairy 
type,  3  are  fed  silage,  4  have  excellent  stables,  4  ownen  read  dairy  Htecature. 

Twenty-one  herds  lose  an  average  of  $10  or  more  per  cow  per  year.  Only  1  of  these 
herds  is  fed  olage,  none  are  of  dairy  type,  none  of  their  owners  read  dairy  literature. 
Five  read  agricultural  papers,  13  read  neither  dairy  nor  agzicultucal  papeis;  none 
have  either  excellent  or  good  stables,  1  has  a  hit  stable,  7  have  poor  stables. 

The  nuin  who  secures  only  the  average  returns  has  a  herd  of  uncertain  type,  reads 
general  farm  papers  (not  dairy  papers),  and  has  only  a  fair  stable. 

CANVASS  NO.  17. 

Conducted  in  Minnesota,  1904,  among  creamery  patrons.    Frank  Kinsley,  canvasser. 

100  herds,  1,092  cows. 

[Average  price  ol  butter  UX  per  pound,  21.1  cents.] 


CompariMOfl. 


Total  of  canvass 

Cows:  Dairy  type 

Feed:  SUage 

Stabks: 

Good 

Fair 

Poor 

Reading: 

Datfy  literature 

Nothing 

Results: 

Most  profitable  herds . 

Least  profitable  herds 


§ 


100 

14 

3 

67 

15 

05 

35 

10 
10 


i 

I 


1,003 

165 

40 

560 
775 
156 

838 

353 

120 
103 


1 


124.00 
28.02 
29.12 

24.80 


23.40 

25.52 
23.80 

29.54 
24.65 


■§8. 

Is 
IS. 


142.4 
210.8 
275.0 

166.0 


114.2 

173.0 
09.2 

258.0 
82.2 


Ml 


81.21 
1.66 
1.80 

1.20 
1.14 
1.01 

1.86 
.86 

1.83 
.70 


8 


z 


86.16 
18.13 
23.36 

4.08 


.19 

9.26 
-3.21 

24.66 
-7.40 


s 


10.175 
.128 
.106 

.163 


.147 
.24 

.115 
.30 


S 
S 

I 


06 

14 

3 

41 

17 

8 

60 
6 

10 
0 


■ 

«> 


jQ 

5 


(3 


34 

0 
0 

16 

11 

7 

5 
29 

0 
10 


Notes  on  Canvass  No.  17. 

Prices  of  feed:  Com  $13  per  ton;  oats  $15  per  ton;  hran  $16  per  ton;  silage  $1 
per  ton;  hay  $5  per  ton;  fodder  com  $4  per  ton;  oil  cake  $26  per  ton;  pasture  (7 
months)  $6  per  cow.    Of  these  herds,  24  show  a  profit  of  $10  or  more  per  cow  per  year. 

The  greatest  gain  is  in  a  herd  of  natives,  producing  313.5  pounds  of  fot  per  cow, 
returning  $2.35  for  each  dollar  spent  in  feed,  and  a  net  gain  of  $37.85  per  cow  per 
year.    The  owner  has  a  good  stable  and  reads  dairy  literature. 

The  greatest  loss  is  $10.51  per  cow  per  year,  in  a  herd  of  Shorthorns  producing  an 
aven^  of  69  pounds  of  isX  per  cow.    The  owner  has  a  poor  stable  and  does  not  read. 

Of  the  14  owners  of  herds  of  dairy  type,  all  read  dairy  literature,  10  have  good  sta- 
bles, 4  have  fair  stables,  2  feed  sila^.  The  average  net  profit  among  herds  of  dairy 
type  is  3^  times  the  average  for  the  whole  canvass. 

Of  the  3  owners  who  feed  silage,  2  have  herds  of  dairy  type,  all  read  dairy  literature, 
2  have  good  stables,  and  1  has  a  fair  stable.  The  average  net  profit  of  the  silage 
feeders  is  4)  times  the  average  for  the  whole  canvass. 

The  ratio  of  profitable  to  unprofitable  herds  is  58  times  as  great  among  the  readers 
of  dairy  literature  as  it  is  among  those  who  do  not  read.^ 

Of  the.  10  most  profitable  herds,  7  are  of  dairy  type,  2  are  fed  silage,  all  the  owners 
read  dairy  papers,  8  have  good  stables,  and  2  have  fair  stables. 

Of  the  10  least  profitable  herds,  none  are  of  dairy  type,  none  use  silage,  1  owner 
reads,  5  have  good  stables,  2  have  fair  stables,  and  3  have  poor  stables. 


i  Bee  footnote  to  oanvass  2,  p.  14,  for  explanation  as  to  comparison  of  ratios. 
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CANVASS  NO.  18. 

Conducted  in  Waukesha  County,  Wis.,  1906,  among  patrons  of  Wales  Creamery. 

Groodrich,  canvasser.    40  herds,  556  cows. 

(Average  price  of  butter  per  pound,  20.4  oents.J 


C.P. 


CompariBODS. 


Total  of  eanvass 

Cows: 

Dairy  type 

Sorub  type 

Fresh  In  fall 

Fresh  in  spring ^ 

Beading: 

Dafry  literature 

Agricultural  literature 

Nothing 

Results: 

Best  herds 

Poorest  herds 

Herd  making  largest  returns  per  oow. . 

Herd  making  smallest  returns  per  cow 

Herd  making  largest  returns  for  feed. . 

Herd  making  smallest  returns  for  feed . 


.a 
I 


40 

17 
9 
2 
2 

7 

8 

25 

8 
8 
1 
1 
1 
1 


I 

O 


£66 

203 

150 

25 

27 

08 
112 
346 

104 
127 
16 
25 
12 
13 


I 


130.00 

30.16 
29.89 
37.50 
23.75 

29.06 


29.83 

29.75 
31.81 
34.00 
26.00 
25.00 
82.00 


|. 
•58 


202 

244 
159 
244 
156 

254 


190 

274 
161 
315 
117 
257 
130 


I 


$1.88 

1.60 
1.07 
1.40 
1.26 

1.73 
1.36 
1.30 

1.91 
1.02 
1.97 

.88 
2.15 

.85 


8 


\^ 


$11.29 

20.81 
2.09 

15.14 
6.32 

21.87 

10.94 

8.95 

27.06 
.63 

32.89 
-3.08 

28.71 
-4.67 


U 


I 


§. 


$0,148 

.124 
.188 
.113 
.152 

.118 


.157 

.108 
.198 
.108 
.222 
.097 
.246 


•9 

I 


38 

17 
7 


23 

8 
6 
1 
0 
1 
0 


I 


I 


0 
2 


0 
2 
0 
1 
0 
1 


Notes  on  Canvass  No.  18. 

Prices  of  feed:  Pasture  95  per  season;  timothy  hay  $8  per  ton;  clover  hay  |6  per 
ton;  marsh  hay  $5  per  ton;  silage  $2.50  per  ton;  com  stover  $2.50  per  ton;  oats 
groimd,  $21.50  per  ton;  ear  com  $12  per  ton;  com,  shelled  and  ground,  $16  per  ton; 
bran  $18  per  ton;  middlings  $20  per  ton. 

Only  two  herds  in  this  canvass  are  kept  at  a  loss.  ' 

Herds  of  dairy  type  earn  10  times  the  net  profit  of  the  scrubs. 

The  laigest  returns  per  cow  are  in  a  herd  of  good  dairy  type  coming  fresh  in  the 
fall  and  winter,  fed  clover  hay  and  shredded  fodder,  with  bran  and  middlings,  and 
with  an  owner  who  studies  dairy  literature. 

The  smallest  returns  per  cow  are  in  a  herd  of  scrubs  coming  fresh  in  winter  and 
spring,  fed  hay  and  stover,  com  and  oats. 

The  largest  returns  for  a  dollar's  worth  of  feed  are  in  a  herd  of  good  dairy  type,  fresh 
in  &J1  and  spring,  fed  clover  and  timothy,  com  fodder,  silage,  and  bran,  and  whose 
owner  studies. 

The  smallest  returns  for  a  dollar's  worth  of  feed  are  in  a  herd  of  scrubs,  fresh  in  fall, 
fed  hay  and  stover,  bran  and  middlings,  but  fed  too  little  when  fresh  in  the  fall,  so 
that  they  can  not  bring  back  their  lost  flow  on  spring  pasture. 

The  cows  fresh  in  the  fall  which  are  given  a  heavy  grain  feed  while  fresh,  and  whose 
butter  sells  at  a  comparatively  high  price  in  the  winter,  make  a  better  showing  than 
the  cows  which  come  fresh  in  the  spring  and  are  fed  no  grain;  the  former  show  $8.82 
higher  net  profit,  and  14  cents  higher  return  on  each  dollar's  worth  of  feed  given. 

The  seven  readers  of  dairy  literature  receive  a  net  profit  per  cow  per  year  of  $12.92 
more  than  the  owners  who  do  not  read.  For  the  average  herd  of  14  cows  this  means 
$180.88  added  to  the  owner's  profit  for  studying  his  own  business. 
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CANVASS  NO.  19. 

Conducted  in  Delaware  County,  N.  Y.,  1904-5.    Nathan  Jenkins,  canvasser.    100 

herds,  2,408  cows. 

Of  tlwae  herds,  50  supply  a  oooperatlve  cnameryi  and  tlie  otlier  SO  supply  Bardeo's  oondaised-millc 
factory. 


[Average  price  of  milk  for  the  canvass,  91.834  per  100  pounds;  average  price  of  milk  at  cooperative  creamery, 
$1.38  per  100  pounds;  average  price  of  milk  at  Borden's,  tl.262  per  100  s 
per  pound,  ^.8  cents.]  • 


.262  per  100  pounds;  average  price  of  butter  tet 


Comparisons. 


Total  of  canvass 

Selling  to  creamery , 
Selling  to  Borden... 
Cows: 


Dairy  tjrpe. 
NotdaJr^ 


rytype 

Feed:  Silage 

Stables: 

Excellent 

Good 

Fair 

Poor 

Reading: 

Dairy  literature 

Agricultural  literature. 

Nothing 

Results: 

Best  herds 

Poorest  herds 


I 


\e, 


100 
50 
50 

26 
15 
12 

53 

20 

5 

13 

18 
49 
38 

10 
10 


• 

I 


2,406 

1,413 

906 

826 
340 
882 

1,403 
647 
100 
2S8 

540 

1,200 

659 

277 
208 


I 

u 

8 


8 
I 


138.69 
38.29 
39.16 

89.26 
34.66 
40.12 

40.12 


86.65 
39.88 


38.37 

40.64 
36.17 


1 


n 

ft 


4,088 
3,828 
4,524 


4,026 
4,160 


3,296 
4,162 


3,718 

5,128 
2,734 


a. 

Is. 


186.4 
186.4 


199.8 
162.4 
194.2 

206.1 


143.0 
202.1 


174.0 

260.0 
132.6 


s 


tl.44 
1.42 
1.46 

1.53 
1.30 
1.44 

1.50 
1.44 
1.49 
1.15 

1.50 
1.47 
1.34 

1.86 
1.00 


% 
Z 


^17.26 
16.15 
18.26 

20.81 
10.50 
17.78 

20.06 


lfO.047 
1.00 
.866 


5.48 
19.94 


18.05 

34.98 
.07 


.906 
.964 


1.109 
.968 


1.082 

.792 
1.32 


•OS 


I 

u 


10.205 
.206 


.197 
.213 
.206 

.196 


2S5 
.148 


.22 

.156 
.272 


I 

.a 

«» 

I 


97 
47 
50 

25 
13 
12 

53 


10 
18 


81 

10 
7 


I 


a 


3 
3 
0 

1 
3 
0 


8 
0 
2 

0 

8 


Notes  on  Canvass  No.  19. 

Borden's  prices  for  milk  ranged  from  90  cents  in  June  to  $1.65  in  December,  favoring 
milk  of  low  butter-fat  content,  prohibiting  silage  and  distillers'  grains. 

The  26  herds  of  dairy  type  have  pure-bred  bulls  and  raised  their  heifers.  The  15 
herds  not  of  dairy  type  use  grade  bulls.  The  dairy  type  cows  return  twice  as  much 
net  profit  as  the  scrubs. 

Forty-three  herds  show  a  profit  per  cow  per  year  of  over  $20.  The  10  best  herds 
show  a  profit  per  cow  per  year  of  over  |33.    Only  3  herds  show  an  actual  loss. 

Of  the  10  best  herds,  7  are  of  dairy  type,  and  the  other  3  are  grades  of  dairy  breeds. 
Nine  owners  in  this  class  read  dairy  literature,  8  have  excellent  stables,  and  2  have 
good  stables. 

Of  the  10  poorest  herds,  only  3  are  of  dairy  type;  only  3  owners  read;  6  have  poor 
stables. 

Of  the  3  herds  showing  an  actual  loss,  all  have  poor  stables,  2  use  grade  bulls;  and 
only  1  owner  reads. 

The  neglect  of  reading  in  this  canvass  means  the  loss  of  one-third  of  the  net  profit 
received  by  readers  of  dairy  literature. 

Excellent  stables  show  more  than  three  times  the  net  profit  of  poor  stables  in  this 

CaXLVBBB, 
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CANVASS  NO.  20.' 

D  Butler  and  Jackaan  Counties,  Mich.,  1905,  among  creamery  patrons. 
M.  W.  Clark,  canvasser.    100  herds,  849  cows. 


ToMl  of  ouiTacs 

SMry  type 

Benib  type 

Feed: 

Dry  fed- 
Fed  dry  (Odder 

lloatprofllable  ben 
ottboHfeddryhK 


UoBt  pnfluble  dry- 
fed  nerda  fnib  In 


Udpnnisble  diy^ed 


Beat  (rmikt.  b«b  Id 
bU,  M  ifl^  and 


(ed  lilacs  wi& 
Pooiest  illifs  ted . 


I  dine: 

Dkljy  UUndire 

Agrleultiml  Uterutura.. 


Host  pnrfUable  hwdi. . . 
Least  proHUble  herds. . 


■1.31 

•8. 14 

I0.7B4 

».1B1 

78 

lioi 

"S 

lioes 

:hs 

6 

1.1, 

3.91 

.802 

.304 

.1 

l.M 

17.73 

,«1 

X 

I.M 

1,37 

11.23 

.SB7 

» 

.« 

-It.  83 

Lit 

0 

1.«S 
2.01 

SS 

.031 
,J3 

.:"*. 

10 

I.!l 

27.  M 

.Si 

» 

..J» 

13.77 

.7U 

3 

1.M 

1.H 

.MS 

2 

Ijl 

\3l.H 

.S71 

.131 

'1 

-  1.24 

1.04 

.138 

l.M 

12.  M 

.726 

.187 

22 
30 

0.27 

.Me 

.IBS 

"i 

-?se 

.JW 
1,48 

:5" 

0 

1  Special  I 
■  QHDpar 


re  adTUiti((B  of  lUsge  and  dry  fodder. 


th  A  best  dry  fed,  freah  in  spring. 
Lb  S  beat  dry  fed,  tresh  tn  [all. 
ih  dry  I^d,  fresh  In  spring. 


NoTKs  ON  Canvass  No.  20. 

Siablee  excellent  and  good  are  averaged  together.  The  combined  average  return 
for  one  dollar's  worth  of  feed  is  91.81. 

Of  the  entire  canvase,  6S  herds  (505  cows)  are  Durhams  and  Durham  grades,  and  of 
this  group  72  per  cent  earn  a  profit,  while  28  per  cent  make  a  loss.  Thirty-five  of  the 
100  herds  (344  cows)  are  Jersey  and  Jersey  grades,  and  of  these  81.6  per  cent  return  a 
profit,  while  18.4  per  cent  make  a  loss.  The  averages  for  these  two  groups  are  not 
available.  The  10  herds  designated  in  the  table  as  dairy  type  are  all  headed  by  pure- 
bred hulls  of  dairy  breeds;  the  10  herds  deaignat«d  as  scrub  type  ar«  headed  by  grade 
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DAISY   HERD  BEGORDS. 


bulls.  While  owners  of  herds  of  good  dairy  type  receive  nearly  $2  for  each  $1 
spent  in  feed,  the  owners  of  scrubs  barely  get  their  money  back. 

Comparison  of  dry-fed  with  silage-fed  herds  is  favorable  to  silage  by  $7.65  less  cost 
of  feed  pet  cow,  by  427  pounds  more  milk,  by  18.2  pounds  more  butter  fat,  by  $0.56 
more  returned  for  each  $1  spent  for  feed,  by  $14.37  more  net  returns  per  cow,  by  $0,261 
per  100  pounds  less  food  cost  of  milk,  and  by  $0,059  per  pound  less  food  cost  of  butter 
fat. 

Of  the  18  silage-fed  herds,  7  are  of  good  dairy  tjrpe,  none  are  of  scrub  type,  9  have 
excellent  stables,  5  have  good  stables,  4  have  fair  stables,  10  owners  read  dairy  papers, 
5  read  farm  papers,  3  read  none. 

Of  the  82  dry-fed  herds,  3  are  of  good  dairy  type,  10  are  of  scrub  type,  2  have  excel- 
lent stables,  22  have  good  stables,  35  have  fair  stables;  all  the  poor  stables  in  the 
canvass  (23)  are  in  this  group;  27  owners  read  dairy  papers,  23  read  farm  papers,  27 
read  none. 

Of  the  10  most  profitable  herds,  5  are  of  dairy  type,  4  are  fed  silage,  5  have  excellent 
stables,  and  8  owners  read  dairy  literatiure. 

Of  the  10  least  profitable  herds,  6  a/e  scrub,  none  are  fed  silage,  7  have  poor  stables, 
and  only  2  of  the  owners  are  readers. 

The  better  half  of  all  these  100  herds  average  a  net  gain  of  $19.05  per  cow  per  year, 
ranging  from  $7.82  to  $34.27. 

The  poorer  half  average  a  net  loss  of  $3.24  per  cow  per  year,  ranging  from  a  gain  of 
$7.80  to  a  loss  of  $28.90. 

All  of  the  most  successful  dairymen  who  are  owners  or  managers  read  dairy  literature. 
Only  6  of  the  22  losing  herds  are  owned  by  readers  of  dairy  papers. 

The  ratio  of  profitable  to  improfi  table  herds  is  more  thaji  2}  times  as  great  among 
the  readers  of  dairy  papers  as  it  is  among  those  who  do  not  read.^ 


CANVASS  NO.  21. 

Conducted  in  vicinity  of  £llisburg,  Jefferson  County,  N.  Y.,  1906. 

canvasser.    100  herds,  1,843  cows. 

[Average  piioe  of  mJlk  per  100  pounds,  91.13.) 


T.  H.  Staplin, 


CompftrfsoDS. 


Total  of  canvass 

Cows: 

Dairy  type 

Pure-bred  herds^ 

Best  grades 

Best  mixed  grades 

Feed 

Silage-fed  herds 

Dry-fed  herds 

Best  silage-fed  herds 

Best  dry-fed  herds 

Stables: 

Exoellent 

Good 

Fair 

Poor 

Reading: 

Davy  literature 

Agricultural  literature . . . 

Nothing 

Results: 

Best  herds 

Unprofitable  herds 

Best  combination  of  features 


•3 

o 

I 


100 

19 
3 
3 
3 

53 

47 

5 

5 

33 

40 

19 

6 

17 
50 
24 

10 

0 

10 


I 


B 

0 


1,843 

397 
62 
37 
60 

1,118 

725 

86 

110 

653 

721 

344 

73 

340 
920 
416 

152 
133 
217 


I 


$35.60 

34.26 
36.46 
37.79 
43.88 

36.23 
34.90 
39.88 
38.11 

38.10 


39.01 
39.18 


38.26 

32.13 
39.66 


4,536 

5.340 
6.781 
5,791 
5,950 

4,728 
4,328 
6,701 
5,617 

6,057 


4,039 
6,613 


4,537 

5,715 
3,061 


o 


^. 


s 


11.44 

1.77 
2.05 
1.72 
1.58 

1.42 
1.47 
1.88 
1.71 

1.50 
1.44 
1.32 
1.17 

1.59 
1.43 
1.34 

1.99 

.80 

1.85 


8 

■4* 

o 


$15.68 

26.47 
38.17 
27.32 
25.35 

15.15 
16.29 
35.19 
27.16 

19.05 


% 


8§ 


6.63 

.966 

23.12 

.71 

13.01 

.845 

32.01 
-7.71 

.562 
1.30 

$0,784 

.641 
.537 
.652 
.737 

.766 
.806 
.596 
.678 

.753 


s 


91 

19 
3 
3 
3 

51 

40 

5 

5 

S3 

37 
15 

4 

17 

46 
19 

10 

0 

10 


9i 

& 

"3 

es 

c 

P. 

e 


0 
0 
0 
0 

2 
7 
0 
0 

0 

s 

4 
2 

0 

4 
5 

9 
9 
0 


I  For  explanation  as  to  comparison,  see  footnote  to  canvass  2,  page  14. 
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NoTBB  ON  Ganvasb  No.  21. 

Of  the  best  10  herds,  7  axe  of  good  dairy  type,  1  is  dairy  grades,  and  2  are  of  mixed 
breeding;  7  are  fed  silage;  5  have  excellent  stables,  3  have  good  stables,  2  have  &ir 
stables;  3  owners  read  dairy  papers,  5  read  farm  papers,  and  2  read  none. 

Of  the  9  unprofitable  herds,  none  are  of  good  dairy  type,  3  are  dairy  grades,  6  are 
mixed  or  natives;  2  are  fed  silage;  none  h&ve  excellent  stables,  3  have  good  stables, 
4  have  fair  stables,  and  2  have  poor  stables;  no  owner  reads  dairy  papers,  2  read  fann 
papers,  and  5  read  none. 

Of  the  16  herds  which  average  a  net  profit  per  cow  per  year  of  125  or  more,  3  are  pure 
bred,  9  dairy  grades,  and  4  mixed  breeding;  8  have  excellent  stables,  6  have  good 
stables;  4  owners  read  dairy  literature,  9  read  a^cultural  literature,  and  11  feed 
silage. 

The  best  combination  of  features  is  of  herds  of  good  dairy  type  using  silage,  having 
good  or  excellent  stables,  whose  owners  read  dairy  or  farm  papers.  This  group  is  a 
good  illustration  of  the  profitableness  of  good  dairy  equipment  and  practice. 

Comparison  with  Earlier  Canvass. 

In  1887  the  original  cow  census  was  taken  in  this  town  by  C.  W.  Jennings,  in  which 
the  total  cow  population  of  the  town  was  included.  There  were  367  herds,  kept  at  an 
average  cost  per  cow  per  year  of  136.26,  and  returning  their  owners  an  average  of  $31.74, 
showing  a  net  loss  of  $4 .62,  and  this  with  the  reckoning  of  returns  from  cheese,  butter, 
calves,  skins,  cream,  milk,  and  skim  milk;  whereas  in  the  canvass  of  1906  the  100 
representative  herds  show  an  average  cost  of  keeping  of  ^.60  and  returns  from  cream- 
ery checks  of  $51.28,  making  an  average  profit  of  |15.68  per  cow  yearly. 

In  1887,  of  the  367  herds,  48  produced  for  their  owners  less  than  $25  total  receipts 
per  cow  yearly,  and  only  3  produced  more  than  $55.  In  1906,  of  the  100  herds  reported, 
only  1  produced  less  than  $25  return  and  31  exceeded  $55,  per  cow,  yearly. 


CANVASS  NO.  22. 

Conducted  in  Iowa,  1906.    Three  counties  in  northeastern  part  of  State.    Fatrons 
of  eight  creameries.    Frank  Kinsley,  canvasser.    100  herds,  1 ,062  cows. 

[Average  price  of  butter  fat,  22.7  cents  per  pound.] 


Comparisons. 


Total  of  canvass 

Cows: 

Daii7  type 

Dual  purpose 

Difference  in  favor  of  dairy-bred  cows. . 

Feed:  Silage  fed 

Stables: 

Ezoellent 

Good 

Fair 

Poor 

Beading: 

O  wners  read  dairy  literature 

O wners  do  not  read 

Difference  in  favor  of  owners  who  read. 
Results: 

Best  herds 

Unprofitable  herds 

Difference  in  favor  of  best  herds 

Best  single  herd 

Poorest  single  herd 

Difference  in  favor  of  best  herd 


1 


100 

17 
83 


22 
44 

27 
7 

60 
46 


25 
26 


8 


1,062 

172 

890 


60 

288 

474 

267 

58 

559 
463 


273 
267 


14 
6 


!l 

i 


S28.23 

28.33 

27.09 

-1.24 

29.44 

29.82 


} 


29.77 

28.02 

27.70 

-  .32 

28.17 
28.92 
.76 
29.00 
28.00 
-1.00 


^ 


^  21 

u 


154.0 

211.1 

143.0 

68.1 

239.0 

170.0 

'i4S.'6' 

178.6 

121.9 

66.6 

209.7 
100.0 
109.7 
322.0 
63.0 
259.0 


it 


s 


SI.  24 

1.74 

1.19 

.56 

1.86 

/1. 68 

\1.15 

1.23 

1.09 

1.48 

1.01 

.47 

1.74 
.78 
.96 

2.48 
.43 

2.05 


8 


It 


16.78 

20.91 

6.16 

16.76 

25.15 


} 


9.05 
'2.68 


13.45 

.27 

13.18 

20.83 
-  6.33 

27.16 

42.92 
-16.03 

58.95 


10.183 

.134 
.197 
.068 
.123 

.176 


.208 

.167 
.227 
.07 

.127 

.29 

.163 

.09 

.44 

.35 


I 
a 

I 


75 

16 
69 


{: 


19 
31 
21 

4 


45 

26 


26 
0 


1 

0 


s 

I 

a 

13 


26 

1 

24 


3 

13 

6 

3 

6 
20 


0 
25 


0 
1 
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Notes  on  Canvass  No.  22. 

Stables  excellent  and  good  are  averaged  together  in  this  table.  The  combined 
average  return  for  one  dollar's  worth  of  feed  is  $1.30. 

Of  Uie  83  herds  (890  cows)  of  the  dual-purpose  type,  30  per  cent  do  not  pay  for  their 
feed .  Of  the  17  herds  (172  cows)  of  the  dairy  type,  only  6  per  cent  do  not  pay  for  their 
feed. 

The  172  dairy-bred  cows  produce  on  the  average  915.75  more  net  profit  than  the 
890  dual-purpose  cows,  return  55  cents  more  for  each  dollar  spent  in  feed,  and  reduce 
the  food  cost  of  butter  &t  by  6.3  cents  per  pound,  though  consuming  $1.24  more  feed 
per  cow. 

The  best  single  herd  is  of  14  Jerseys  registered,  line  bred  for  12  years,  fresh  in  the 
fall,  fed  silage,  with  an  excellent  stable,  and  a  reading  owner. 

The  poorest  single  herd  is  of  6  Shorthorn  grades,  fresh  in  the  Ml,  fed  no  silage,  with 
a  good  stable,  but  with  no  reading  by  the  owner. 

The  silage-fed  cows  consume  $1.21  more  feed,  make  $18.37  more  net  profit,  return 
61  cents  more  for  each  dollar  spent  on  feed,  and  reduce  the  food  cost  of  butter  fat  by 
6  cents  per  poimd,  as  compared  with  the  average  of  the  whole  group,  notwithstanding 
that  one  of  the  four  herds  does  not  pay  for  the  feed  consumed. 

Fifty  herds  (559  cows),  practically  one-half  of  the  whole  group,  whose  owners  read 
dairy  papers,  produce  $318.19  more  net  profit  than  the  whole  group,  return  24  cents 
more  for  one  dollar  invested  in  feed,  and  reduce  the  cost  of  butter  fat  2.6  cents  per 
pound.  Of  these  herds  only  5  do  not  pay  for  the  feed  consumed .  (The  statement  that 
these  50  herds  make  more  profit  than  the  whole  canvass  of  100  herds,  is  based  on  the 
fact  that  the  remaining  50  herds  make  an  average  loss.  Of  4he  losing  50,  46  owners 
do  not  read,  while  4  are  not  reported  as  to  reading.) 

The  46  herds  whose  owners  are  reported  as  not  reading  dairy  papers  yield  a  total  net 
profit  of  $125.  They  yield  an  average  of  121.9  pounds  of  butter  fat  per  cow,  return 
$1.01  for  each  dollar  invested  in  feed,  and  produce  butter  fat  at  a  food  cost  of  22.7  cents 
per  pound;  20  herds  of  this  group  do  not  pay  for  the  feed  consumed. 

The  ratio  of  profitable  to  unprofitable  herds,  which  indicates  the  probability  of 
success,  is  nearly  seven  times  (6.9)  as  great  among  the  readers  as  it  is  among  those  who 
do  not  read.' 

In  one  herd  where  all  the  cows  were  tested  and  records  kept  during  the  year  1905, 
45  per  cent  of  the  cows  were  found  to  be  unprofitable  and  were  sold  during  the  following 
year.  The  remaining  55  per  cent,  with  better  feed  and  care,  produced  more  butter  fat, 
more  gross  cash  returns,  and  more  than  double  the  returns  for  each  dollar  invested  in 
feed;  and  produced  butter  &t  at  less  than  half  of  the  food  cost  of  the  previous  year. 

If  the  summaries  of  this  canvass  he  applied  to  the  whole  State,  with  1,600,000  cows, 
we  might  say  that,  if  all  the  cows  were  of  dairy  type,  the  net  gains  to  the  State  would  be 
88,000,000  pounds  of  butter  fat,  valued  at  $20,000,000.  If  all  the  cows  were  fed  silage, 
the  gain  would  be  132,000,000  pounds  of  fat,  or  $28,000,000.  If  all  the  dairymen  were 
students  of  dairy  literature,  the  gain  would  be  39,000,000  pounds  of  &t,  or  $10,000,000. 
If  the  weeding-out  process  were  applied  to  all  the  herds,  as  in  the  one  case  specified 
above,  the  gain  would  be  $11,000,000  for  the  increased  fat  production  and  $19,000,000 
by  the  saving  in  feed  now  given  to  robber  cows  which  should  be  sent  to  the  block. 

iFor  explanation  as  to  comparJson  of  ratios,  see  footnote  to  canvass  2,  page  14. 
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CANVASS  NO.  23. 

Conducted  in  New  Hampflhire,  1906,  among  creamery  patrons.    H.  H.  Lyon,  can- 

vasBer.    100  herds,  853  cows. 

[Avengtt  inioe  of  batter  fat,  23  cents.) 


Con^psilsoiis. 


Total  of  canvass. 
Cows: 


Dairy  tn>e. 
Not  dauy  type. 


Diflerenoe  m  f^vor  of  dairy  type. 

Feed:  Silagefed 

Stables: 

Good 

Fair 


Poor 

Readinf: 

Dairy  Uteratore 

Agricultural  llten^re 

Nothing 

Results: 

Best  herds 

Poorest  herds 

Largest  sain  from  single  herd . 

Latest  loss  ftom  single  herd . 


I 


100 

66 
35 


18 

41 
37 
18 

20 
57 
22 

10 

10 

1 

1 


i 

O 

i 


853 

RAA 
000 

287 


196 

349 
315 
158 

170 
486 
187 

118 

99 

7 

8 


I 


S35.67 

36.04 

35.00 

-  L04 

34.67 

37.40 

'34.'44' 

36.95 


34.50 

38.30 
34.00 
25.02 
36.00 


It 
§1 


144.4 

155.2 

121.6 

33.6 

158.7 

175.1 


93.9 
188.7 


130.8 

213.3 
79.2 

249.2 
78.2 


Si 


10.93 

.76 

.23 

1.0061 

1.10 
.87 
.60 

1.19 
.90 
.73 

1.31 
.51 

1.87 
.48 


-12.50 

.20 
8.41 
8.21 
0.20 

3.74 


-13.78 
7.02 


-  9.34 

12.11 
—16.46 

21.80 
-ia88 


I 


$0,247 

.238 
.287 
.049 
.22 

.214 


.367 
.196 


.265 

.179 
.43 
.101 
.46 


a 
I 


41 

35 
6 


11 

31 

8 
0 

19 

19 

1 

10 
0 
1 
0 


I 

I 


50 

30 
29 


10 
29 
18 

1 
38 
21 

0 

10 

0 

1 


Notes  on  Canvass  No.  23. 

The  laigest  gain  from  a  sjngle  herd  in  this  canvass  is  from  one  consisting  of  Jersey 
grades  (no  pure-bred  herd  in  this  canvass),  fresh  in  the  fall,  with  good  stable;  owner 
reads  dairy  literature,  and  feeds  a  well  balanced  ration. 

The  lazgest  average  loss  from  a  single  herd  is  found  in  a  herd  of  Hereford  grades, 
fresh  in  the  spring  and  fall,  fed  a  f&ii  ration  and  kept  in  a  fair  stable,  the  owner  reading 
agricultural  papers. 

Of  the  10  best  herds,  3  are  fed  silage,  9  are  grades  of  dairy  breeds,  9  have  good  stables, 
7  owners  read  dairy  literature,  3  reetd  agricultural  literature.  Every  herd  in  this 
group  makes  an  annual  profit  per  cow  of  $9.41  or  more  (this  is  the  average  per  cow  of  the 
lowest  herd). 

Of  the  poorest  10  herds,  only  1  is  fed  silage,  only  3  are  grades  of  dairy  breeds,  1  has 
a  good  stable,  2  have  fair  stables,  and  7  have  poor  stables ;  none  of  the  owners  read  dairy 
literature,  6  read  agricultural  literature,  4  read  nothing.  The  best  herd  in  this  group 
loses  an  average  of  $15.55  per  cow  per  year,  the  other  herds  losing  still  more. 

Of  the  20  readers  of  dairy  papers,  all  but  4  have  dairy  bred  herds,  all  but  3  have  good 
stables,  3  have  fsAi  stables,  8  have  silos,  12  feed  good  rations  and  2  fair. 

The  average  cost  of  keeping  the  profitable  cows  is  $37.  The  average  cost  of  keeping 
the  losing  cows  is  $34.82.  The  highest  cost  of  feeding  is  $44;  the  lowest  cost  of  feeding 
is$31. 

Of  the  herds  that  make  a  profit,  41  in  number,  23  are  fed  well-balanced  rations,  11 
are  fed  silage,  15  are  fed  rations  low  in  protein.  Net  profit  on  cows  fed  well-balanced 
rations,  $7.31;  on  those  fed  low  protein,  $5.08. 

Of  the  59  herds  that  make  a  loss,  12  are  fed  a  well-balanced  ration  (loss  $5.55),  7  are 
fed  silage  (loss  $7.18),  and  49  are  fed  a  ration  low  in  protein  (loss  $8.87). 

On  forms  where  profit  is  made,  silos  are  nearly  three  times  as  frequent,  feeds  rich  in 
protein  are  three  times  as  frequent,  readers  of  agricultural  papers  are  three  times  as 
frequent,  as  on  farms  where  loss  ensues.    A  man  who  reads  good  dairy  literature 
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appears  to  have  19  chancee  of  success  to  one  of  failure;  while  the  man  who  reads 
nothing  has  one  chance  of  success  to  21  of  failure.  Improved  blood  gives  five  times  the 
chance  of  success  that  the  common  mixed  herd  possesses.' 


CANVASS  NO.  24. 

Conducted  in  Massachusetts,  1907.    Five  creameries  in  central  and  western  Massa- 
chusetts, representing  the  cream-gathering  plan.    H.  H.  Lyon,  canvasser.    50  herds, 

473  cowB. 

[Average  price  of  butter  fat,  20.8  cents.] 


Compsriaoos. 


Total  of  canvass 

Cows: 

Dairy  bred 

Mixed  breeds 

Stables: 

Good 

Fair 

Poor 

Reading: 

Dairy  literature 

Agricultural  literature 

Nothing 

Results: 

Best  herds 

Poorest  herds 


50 

15 
35 

15 

28 

9 

19 
21 
10 

5 

5 


I 

o 


478 

135 
338 

147 
241 

85 

164 

286 

84 

47 
47 


1 


135.51 

86.34 
35.14 

37.80 


33.89 
36.53 


33.60 

40.20 
34.00 


il 


I 


139.7 

170.2 
126.6 

172.4 


117.9 
165.8 


112.4 


.0 
91.5 


£ 


SI.  02 

1.14 
.97 

1.16 
.96 
.89 

1.12 
.96 
.87 

1.43 
.75 


I 


10.74 

5.17 
-1.14 

6.05 


-3.73 
4.38 


-4.37 

17.50 
-8.54 


h 

O  Si 

n 


so.  254 

.214 
.277 

.219 


.287 
.22 


.a99 

.185 
.371 


19 

9 
10 

11 
7 
1 

11 
7 
1 

5 
0 


a 
I 

a 


31 
6 


4 

19 

8 

8 

14 

9 

0 
5 


Notes  on  Canvass  No.  24.  . 

All  the  best  five  herds  are  of  dairy  type,  except  one.  All  owners  are  readers;  all 
but  one  have  good  stables.    Range  of  profit  per  cow  annually  $8.52  to  $25.75. 

Of  the  5  poorest  herds,  2  are  of  dairy  type,  and  3  of  mixed  breeding.  One  owner 
reads  dairy  literature;  2  read  agricultural  literature;  2  read  nothing;  1  has  a  good 
stable;  2  have  fair  stables;  and  2  poor  stables.  Range  in  amount  of  net  loss  by  these 
herds,  $7.40  to  $11.10  per  cow  per  year. 

The  use  of  silage  in  this  canvass  is  inconclusive,  only  4  herds  being  reported  as  using 
silage. 


1  Compare  the  ratios  35 :  30  and  6 :  29.    See  footnote  to  canrass  2,  p.  14. 


DETAILS  OF  THE  CANTASBEB. 
CANVASS  NO.  25. 


Conducted  in  three  countiea  in  northwBst«m  Illinois,  1907.    Frank  Kinsley,  can- 
VBflBer.     100  herds,  1,400  cowa. 

iFatniu  o[  eight  cmkinsrln.  About  thre^quuters  of  these  tumen  aie  teoaut  larmKn,  the  usiul  pleii 
being  far  the  oinur  to  furnlah  one-hiilf  the  itoot  and  seed,  In  addition  to  the  real  eatete,  and  reoelre  •»•■ 
halt  the  proceeds.  Acreage  of  laims,  ItO  to  dOO.  Laud  values,  tea  to  1150  an  acre.  Average  i>rlce  of 
butter  fat  par  pound,  17.5  cenU. ) 


Total  oCcaDvisa. . . 


Dthrt; 

Dualpui 


or  of  dalry-lypa  berds.. 


Beatherdt.  oDe^uarUrotoanvaB 

'    Poorenlierdi.oue-quarterarcBDTaa. 


DIflenncelnlkr. 

Host  wonomkal  produoera 

Least  ecoDomlcil  producers 

D  iffaranoe  In  tt,Tvt  of  the  most  eooDomloal 


|„.,. 


IB.  IS 

XI.  ea 


Notes  on  Canvass  No.  25. 

Stables  very  good  and  good  are  averaged  together  in  the  table.  The  combined 
average  return  for  one  dollar's  worth  of  feed  is  91.35. 

The  385  dairy-bred  cowa  produced  $3,081.05  more  net  profit  than  the  1,015  dual- 
purpose  cows.  They  return  44  cents  more  for  each  dollar  in  feed  and  produce  butter 
fat  at  a  cost  of  8.5  cents  per  potmd  len. 

Of  the  27  dairy-bred  herds,  12  have  very  good  stables.  7  have  good  stables,  8  have 
fair  stables.    Only  1  of  theee  owners  does  not  read. 

The  7  herds  using  silage  are  fed  at  a  cost  of  $3.76  less  and  produce  a  profit  tl8.15 
more,  return  for  each  dollar's  worth  of  feed  66  cents  more,  and  produce  butter  &t  at 
a  coat  per  pound  8.4  cent«  leas  than  the  average  of  the  whole  can  van. 

The  10  herds  producing  with  greatest  economy  produce  butter  fat  at  a  coat  of  from 
9.5  to  16  cents  per  pound,  and  return  forevery  dollar  spent  in  feed  from  $1.73  to  t2. 87. 
Four  of  these  are  fed  silage;  the  owners  all  read;  7  have  very  good  stables;  I  has  a 
good  stable;  2  have  fair  stables;  7  herds  are  dairy  bred;  3  dual  purpose. 

Of  the  10  least  economical  herds,  none  are  of  dairy  type;  only  3  owners  read;  2  have 
very  good  stables;  2  have  good  stables;  6  have  fair  stables. 

Of  the  10  herds  producing  with  greatest  eomomy,  7  owners  read  dairy  papers  and 
3  read  farm  papers.  Of  the  10  producing  with  least  economy,  3  owners  read  farm 
papers  and  7  read  none. 

Of  the  27  readers  of  dairy  papers,  14  have  herds  of  dairy  type,  13  have  dual  purpose; 
6  fesd  silage;  13  have  very  good  stables;  5  good,  and  9  fair.  All  these  herds  are 
profitable. 
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Of  the  41  herds  whose  owners  read  farm  papers,  only  30  are  profitable  and  11  are 
unprofitable;  1  uses  silage;  12  herds  are  of  dairy  type  and  29  dual  purpose;  11  have 
very  good  stables,  16  good  stables,  and  14  fair  stables. 

Of  the  32  owners  who  do  not  read,  only  1  has  a  herd  of  dairy  type;  none  use  silage; 
13  of  these  herds  are  profitable  and  19  are  unprofitable;  5  have  very  good  stables,  5 
good  stables,  20  fair  stables,  and  2  poor  stables. 

All  the  owners  of  very  good  stables  except  5  are  readers;  20  owners  of  good  stables 
are  readers;  23  owners  of  fair  stables  are  readers;  and  both  owners  of  poor  stables 
answered  no  in  regard  to  reading. 

CANVASS  NO.  26. 

Conducted  in  vicinity  of  Bainbridge,  N.  Y.,  1908.  Creamery  patrons.  Six  years 
later  than  canvass  No.  8  of  patrons  of  the  same  creamery.  H.  H.  Lyon,  canvasser. 
100  herds,  1,724  cows. 

(Average  price  of  milk,  $1.42;  hay,  $12  a  ton;  grain,  $80  a  ton;  siSagey  $3  a  ton.] 


Comparisons. 


Total  of  canvass 

Cows: 

Dairy  typo 

Mixed  breeds... 

Fresh  in  fall 

Fresh  in  spring. 

Feed:  Silage  fed 

Stables: 

Very  good 

Good 

Fair 

Poor 

Reading: 

Dairy  literature 

Notliing 

Results: 

Best  herds 

Poorest  herds... 


O 
In 


100 

49 
51 
5 
33 
18 

10 

66 

30 

5 

18 
23 

10 
10 


I 

o 

^< 
o 

I 

a 

2 


1.724 

916 
809 
43 
443 
409 

184 

1,025 

468 

58 

287 
377 

162 
173 


I 


1 


846.78 

49.08 
44.64 
51.40 
43.30 
48.00 

49.40 
48.23 
44.17 
41.40 

49.06 
43.70 

52.45 
43.60 


n 


I 


at 

o  >> 

Pi 


4,466 

5,334 
3,600 
6,506 
3,677 
6,128 

6,083 
4,911 
3,670 
2,806 

6,880 
3,261 

6,582 
2.663 


a 


^1 
s 


11.86 

1.60 
1.11 
1.66 
1.10 
1.68 

1.49 

1.60 

1.13 

.92 

1.62 
1.02 

1.88 
.83 


I 


I 


117.01 

29.68 
4.91 

83.90 
4.88 

37.84 

34.06 

34.16 

6.68 

-3.46 

8a39 

.87 

46.46 
-7.19 


I 

It 
I 


11.06 

.93 
1.34 


1.20 
.937 

.961 


1.303 
1.44 

.912 
1.34 

.796 
1.64 


i 


Xi 


88 

49 
84 
6 
30 
17 

9 
63 
20 

1 

13 
11 

10 
0 


S 

I 

a 


17 

0 
17 

0 
13 

1 

1 

2 

10 

4 

0 
13 

0 
10 


Notes  on  Canvass  No.  26. 

Of  the  10  best  herds,  all  are  of  dairy  type,  3  are  fresh  in  the  faU,  1  in  the  spring;  8 
have  very  good  stables,  7  have  good  stables.  Three  owners  read  dairy  literature,  7 
read  farm  papers;  4  herds  use  silage. 

Of  the  10  poorest  herds,  none  are  of  dairy  type;  6  are  fresh  in  the  spring,  4  in  tiie 
spring  and  fall;  1  has  a  very  good  stable,  2  have  good  stables,  5  have  fair  stables,  and 

2  have  poor  stables;  1  owner  reads  a  fann  paper,  9  read  nothing;  1  herd  uses  silage. 
Of  the  dairy-type  herds,  4  are  fresh  in  the  fall  and  3  in  the  spring,  39  in  spring  and 

fall,  3  not  reported;  5  have  very  good  stables,  41  have  good  stables,  3  have  fair  stables; 
11  owners  read  dairy  literature,  36  read  farm  papers,  1  reads  nothing,  and  1  ia  not 
reported;  16  herds  use  silage. 

Of  the  mixed,  native,  and  common  herds,  29  are  fresh  in  the  spring,  1  is  fresh  in  tiie 
fall,  20  fresh  in  spring  and  fall,  and  1  not  reported;  5  have  very  good  stables,  14  have 
good  stables,  27  have  fair  stables,  and  5  have  poor  stables;  2  owners  read  dairy  litera- 
ture, 27  read  fann  papers,  and  22  read  nothing;  2  herds  use  silage. 

Of  the  5  herds  fresh  in  the  fall,  4  are  of  dairy  type,  1  uses  silage;  1  has  a  very  good 
stable,  3  have  good  stables,  and  1  has  a  fair  stable;  2  owners  read  dairy  literature  and 

3  read  farm  papers. 
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Of  the  32  herds  fresh  in  the  spring,  only  3  are  of  dairy  type,  none  use  silage;  2  have 
very  good  stables,  6  have  good  stables,  21  have  fair  stables,  and  3  have  poor  stables; 

1  owner  reads  dairy  literature,  17  read  farm  papers,  and  14  read  nothing. 

Of  the  18  herds  using  silage,  only  1  is  unprofitable,  and  that  is  not  of  dairy  type, 
and  the  owner  is  not  a  reader;  16  herds  are  of  dairy  tyx>e;  1  is  fresh  in  the  fall,  17  are 
fresh  in  spring  and  fall;  2  have  very  good  stables,  16  have  good  stables;  7  owners 
read  dairy  literature,  10  read  farm  papers,  and  1  reads  nothing. 

Of  the  10  herds  having  very  good  stables,  5  are  of  dairy  type;  the  1  unprofitable 
herd  is  of  scrub  type,  and  the  owner  does  not  read;  2  herds  use  silage;  1  is  fresh  in  the 
fall,  2  are  fresh  in  the  spring,  and  7  are  fresh  in  spring  and  fall;  2  owners  read  dairy 
literature,  6  read  farm  papers,  and  2  read  nothing. 

Of  the  5  herds  occupying  poor  stables,  all  are  of  scrub  type,  none  use  silage;  3  are 
fresh  in  the  spring,  1  fresh  in  the  spring  and  fall,  and  1  not  reported;  2  owners  read 
farm  papers  and  3  read  nothing. 

Of  the  13  owners  who  read  dairy  literature,  11  have  dairy  type  h^xis,  7  use  silage; 

2  have  very  good  stables,  9  have  good  stables,  2  have  fair  stables;  2  herds  are  fresh  in 
the  fall,  1  in  the  spring,  and  10  in  spring  and  fall. 

Of  the  23  owners  who  do  not  read,  only  1  has  a  dairy-type  herd  and  only  1  feeds 
silage;  2  have  very  good  stables,  4  have  good  stables,  14  have  fair  stables,  and  3  have 
poor  stables;  13  herds  are  fresh  in  the  spring  and  10  in  spring  and  fall. 

OBNEBAL  SX7MMABY  OF  THE  CANVASSES. 

The  following  table  shows  a  comparison  of  the  26  canvasses, 
taking  the  totals  and  averages  of  each  canvass  separately,  together 
with  totals  and  general  averages  for  the  whole  series  of  canvasses. 
The  features  particularly  discussed  in  each  canvass  are  indicated  by 
initial  letters  in  the  last  column  of  the  table,  as  follows: 

D.  Type  of  cows  (dairy  type  or  lacking  dairy  type). 
F.  Freshening  of  cows  in  different  seasons. 

H.  Raising  heifers  to  build  up  herd. 

E.  Use  of  silage  (ensilage). 
C.  Use  of  soiling  crops. 

P.  Use  of  purchased  or  home-grown  protein. 

A.  Use  of  alfalfa. 

S.  Character  of  stabling. 

B.  Reading  dairy  literature,  or  general   agricultural  papers,  or  n^lect  of 

reading. 
B.  Patrons  of   Borden's  condensing    factory  compared  with   patrons  of  a 
cooperative  creamery. 
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BT7MMAKIES  BY  SPEOIAI.  FEATX7BBB. 

The  next  series  of  nine  tables  presents  summaries  of  the  canvasses 
by  special  features;  and  these  are  followed  by  a  general  summary  of 
the  whole  series  of  canvasses  by  features. 

The  list  of  summaries  is  as  follows: 

A.  General  summary  of  canvasses. 

B.  Herds  of  good  dairy  type. 

C.  Herds  lacking  dairy  type. 

D.  Herds  fed  silage. 

E.  (rood  or  excellent  stables. 

F.  Poor  stables. 

'  G.  Owners  who  read  dairy  literature. 

H.  Owners  who  do  not  read  dairy  literature. 

I.  Most  profitable  herds. 

J.  Least  profitable  herds. 

K.  General  summary  by  features. 
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COMPARISON  OF  MOST   PROFITABLE  AND   LEAST  PROPITABLB  HEBD8. 

In  comparing  the  most  profitable  and  least  profitable  herds  in  the 
two  preceding  tables  we  bring  together  the  most  instructive  features 
of  this  investigation.     The  following  points  may  be  noted: 

1.  Cows  of  good  dairy  type  are  found  in  only  17  per  cent  of  the 
least  profitable  herds,  whereas  they  occur  in  71  per  cent  of  the  most 
profitable  herds. 

2.  Silage  is  fed  to  only  one-third  as  many  of  the  least  profitable 
herds  as  of  the  most  profitable  herds. 

3.  Good  stables  are  only  one-half  as  common  for  the  least  profit- 
able herds  as  for  the  most  profitable  herds. 

4.  The  reading  of  dairy  literature  is  reported  44  per  cent  less  often 
among  owners  of  the  least  profitable  herds  than  among  owners  of  the 
most  profitable  herds. 

aSSS&AL  StnOCABT  BT  FEATUBES. 

The  following  statement  summarizes  the  various  features  detailed 
in  the  preceding  tables,  showing  in  each  case  the  average  totsj  results 
for  all  the  canvasses,  also  the  differences  in  favor  of  the  more  progres- 
sire  dairymen. 

SUMMARY  K. 

Oeiural  twnmary  byfiaturet. 
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CONCLirSIONS. 

As  has  been  previously  observed,  wrong  inferences  might  be  drawn 
both  from  the  data  upon  which  this  bulletin  is  based  and  from  the 
summaries  compiled  from  this  data  had  the  reader  not  been  infonned 
in  regard  to  the  manner  in  which  the  data  was  collected.  We  learn, 
for  example,  that  the  average  cow  of  the  639  herds  stabled  comfortably 
returned  the  owner  an  annual  profit  of  $14.12,  while  the  average  cow 
of  the  323  herds  in  poor  stables  produced  during  one  year  only  23 
cents  more  than  the  cost  of  her  feed.  Here  we  can  not  believe  that 
the  difference  is  due  wholly  to  the  stabling,  but  are  justified  in  assum- 
ing that  the  cows  comfortably  stabled  were,  on  the  whole,  better 
individuals  and  had  better  feed  and  care.  Just  what  proportion  of 
the  difference  we  should  credit  to  any  one  of  these  controlling  factors 
we  have  no  means  of  determining. 

1.  From  the  329  herds  reported  as  having  been  fed  silage,  number- 
ing 6,689  cows,  $1.39  was  received  for  each  dollar's  worth  of  feed  con- 
sumed, compared  with  $1.20,  the  average  return  from  the  21,758  cows 
not  reported  upon  with  reference  to  whether  silage  formed  a  part  of 
their  rations. 

Comparing  herds  fed  silage  with  those  not  reported  to  be  so  fed 
(the  larger  part  of  which  probably  did  not  have  silage  and  which  may 
be  regarded  as  representing  the  actual  common  run  of  dairy  herds  in 
the  United  States),  we  find  that  the  ratio  of  profitable  to  unprofitable 
herds  among  the  silage  fed  is  to  that  ratio  among  those  not  reported 
as  2.8  is  to  1 ;  or  that  the  probabilities  of  making  a  profit  are  nearly 
three  to  one  in  favor  of  the  silage  feeder  as  compared  with  the  average 
dairy  farmer.* 

2.  In  the  652  herds,  comprising  9,365  cows,  reported  as  being  of 
good  dairy  type,  a  cow  paid  her  owner  an  average  annual  profit  of 
$17.38;  while  685  herds,  numbering  8,104  cows,  not  of  dairy  type, 
returned  a  profit  of  $2.03  cents  per  head — the  word  "profit"  here,  as 
elsewhere  in  this  bulletin,  meaning  the  excess  of  receipts  over  value 
of  feed. 

We  find,  further,  that  the  ratio  of  profitable  to  unprofitable  herds  is 
nine  times  as  great  among  herds  of  good  dairy  type  as  it  is  among 
herds  lacking  good  dairy  type.* 

3.  The  owners  of  464  herds,  numbering  6,202  cows,  were  registered 
as  readers  of  dairy  papers.  This  group  reported  the  cost  of  feed  to 
be  $34.78  per  cow,  and  secured  $1.42  for  each  dollar  spent  for  feed, 
or  a  profit  of  $14.54  per  cow. 

The  cow  owners  whose  minds  were  not  illuminated  nor  their 
methods  improved  through  the  influence  of  dairy  literature  controlled 

I  For  explanation  in  regard  to  comparison  of  ratios,  see  footnote  to  canvass  2,  page  14. 
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753  herds,  composed  of  9,122  cows.  The  feed  of  the  cows  cost  them 
a  little  less,  viz,  $35,  but  they  made  an  average  amxual  profit  of 
only  $1.85  per  cow.  Of  these  nonreaders,  48  per  cent  actually  lost 
money  in  following  the  dairy  business. 

The  records  also  show  that  the  ratio  of  profitable  to  improfitable 
herds  is  seven  times  as  great  among  readers  as  it  is  among  those  who 
do  not  read.^ 

4.  The  number  of  herds  reported  as  occupying  good  stables  was 
639,  comprising  9,506  head.  These  returned  their  owners  a  net  profit 
of  41  cents  on  each  dollar's  worth  of  feed  ($1.41  return  for  $1),  or 
$14.12  profit  per  head  for  the  year;  while  the  323  poorly  stabled 
herds,  containing  3,775  cows,  returned  to  their  owners  only  23  cents 
more  than  the  cost  of  their  feed. 

The  ratio  of  profitable  to  unprofitable  herds  is  more  than  seven 
times  as  great  among  herds  in  good  stables  as  it  is  among  herds  in 
poor  stables.^ 

It  is  the  strongest  confirmation  of  the  trustworthiness  of  arguments 
if  the  methods  which  they  are  held  to  prove  work  out  successfully  in 
practice.  It  will  be  a  source  of  assurance  to  the  instructor  in  dairying 
to  find  that  his  teachings  are  useful  when  applied  to  business ;  and,  on 
the  other  hand,  the  farmer  can  with  confidence  put  such  theories  into 
practice  if  he  finds  that  other  farmers  have  done  so  with  profit. 

The  conclusions  reached  by  consideration  of  the  facts  presented  in 
these  canvasses  show  that  what  is  theoretically  sound  in  dairy 
instruction  is  also  practically  profitable  in  the  actual  business  of 
dairy  farming. 

1  For  explAoatlon  in  regard  to  comparison  of  ratios  see  footnote  to  oanvaas  2,  page  14. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Aqeiculturb, 

Bureau  of  Animal  Industry, 
Washinffton,  D,  C,  January  SO,  191S. 

Sir:  I  have  the  honor  to  transmit  for  publication  as  a  bulletin  of 
this  bureau  the  accompanjdng  manuscript  entitled  "The  Manufac- 
ture of  Cheese  of  the  Cheddar  Type  from  Pasteurized  Milk, "  by  Prof. 
J.  L.  Sammis,  of  the  College  of  Agriculture,  University  of  Wisconsin, 
and  Mr.  A.  T.  Bruhn,  expert  cheese  maker  in  the  Dairy  Division  of 
this  bureau.  The  work  herein  described  was  conducted  at  Madispn, 
Wis.,  in  cooperation  between  the  Dairy  Division  and  the  Wisconsin 
Agricultural  Experiment  Station. 

The  Dairy  Division  has  been  represented  at  Madison  by  L.  D. 
Bushnell,  Alfred  Larson,  and  Miss  Alice  C.  Evans,  bacteriologists,  in 
succession;  S.  K.  Suzuki  and  E.  F.  Flint,  chemists,  and  J.  W.  Moore, 
F.  W.  Laabs,  and  A.  T.  Bruhn,  expert  cheese  makers,  in  succession, 
all  of  whom  have  assisted  at  various  times  in  this  work.  The  Wis- 
consin Station  has  been  represented  by  Prof.  Sammis,  who  from  the 
beginning  has  had  charge  of  the  cooperative  experiments  in  the  manu- 
facture of  the  Cheddar  type  of  cheese  froAi  pasteurized  milk. 

The  comparison  of  this  cheese  with  that  made  from  raw  milk  by  the 
regular  factory  method  has  been  systematically  and  thoroughly 
carried  out  under  a  variety  of  conditions  by  the  use  of  duplicate  vats 
of  mUk,  one  of  these  being  pasteurized  in  each  instance.  During 
1910  and  1911,  especially  in  the  latter  year,  the  new  process  was  per- 
fected and  a  large  quantity  of  the  pasteurized  cheese  was  made  under 
commercial  conditions  and  placed  upon  the  open  market.  The 
results  are  fully  described,  also  the  process  of  making  the  cheese, 
and  it  is  shown  that  the  use  of  pasteurized  milk  is  highly  satisfactory 
and  economical.  As  pathogenic  bacteria  have  been  found  to  survive 
for  several  months  in  chees6  made  from  raw  milk,  the  pasteurization 
of  milk  in  making  cheese  is  also  desirable  for  the  protection  of  the 
health  of  the  consumer. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  MANUFACTURE  OF  CHEESE  OF  THE  CHEDDAR 

TYPE  FROM  PASTEURIZED  MILK. 


INTRODUCTORY. 
THE   NEED  FOR  A   NEW   METHOD  OF  OHEESE  MAKINO. 

Economy  of  time  and  labor  and  improved  quality  and  uniformity 
of  the  cheese  produced  make  the  large  cooperative  factory  more 
profitable  to  farmers  than  the  small  factory,  provided  they  retain 
the  control,  if.  not  the  complete  ownership,  of  it.  There  are  two 
objections  sometimes  raised  against  the  replacement  of  four  or  five 
small  cheese  factories  in  a  neighborhood  by  one  lai^e,  better- 
equipped,  better-manned,  and  more  economical  cheese  factory, 
namely:  First,  that  by  present  factory  methods  cheese  makers  could 
not  make  as  good  cheese  from  milk  gathered  over  a  large  territory, 
because  it  would  be  longer  on  the  road  to  the  factory  and  therefore 
would  not  be  so  fresh  as  otherwise;  second,  farmers  object  to  haul- 
ing milk  a  great  distance,  even  to  a  good  cheese  factory. 

The  only  way  to  get  a  large,  first-class  cheese  factory  located  within 
a  short  distance  of  a  sufficient  milk  supply  is  to  centralize  the  latter — 
that  is,  to  keep  as  many  of  the  best  cows  on  every  farm  as  the  land 
will  support.  Until  this  is  done  there  will  be  many  factories  which 
must  draw  milk  from  a  large  area.  Some  modification  of  present 
cheese-factory  methods  is  needed  by  which  milk  from  a  large  territory 
can  be  successfully  handled. 

The  great  amount  of  inferior  cheese  on  the  market  and  the  lack  of 
uniformity  which  characterizes  the  product  of  the  present  cheese 
factory  of  average  size  is  due  primarily  to  the  variable  quality  of  the 
milk  supply  from  different  farms,  especially  as  to  the  presence  of  dirt 
and  bacteria,  which  produce  faulty  flavors  and  textures  in  great 
variety,  and  to  the  variable  ripeness  or  acidity  of  the  milk  received 
from  day  to  day,  depending  upon  the  care  given  to  it  on  the  farm, 
its  age,  etc. 

The  immediate  effect  of  these  conditions  is  that  cheese  makers  in 
their  effort  to  produce  cheese  of  uniform  quality  from  milk  of  variable 
quality  must  necessarily  use  methods  which  vary  from  day  to  day 
and  from  factory  to  factory.  Under  this  system  each  vat  of  milk 
must  be  watched  carefully  at  every  stage  of  its  manufacture,  and  the 
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cheese-making  process  must  be  hastened,  or  delayed,  or  modified 
every  day,  according  to  the  cheese  makers'  judgment.  The  yield  of 
cheese  also  varies  from  day  to  day,  depending  upon  the  quality  of  the 
milk  and  the  method  used  in  handling  it. 

The  ideal  conditions  for  cheese  making  require  an  absolutely  clean 
and  perfect  milk  supply,  and  this  can  not  be  realized  until  methods 
of  milk  production  on  the  farm  are  vastly  improved.  In  the  mean- 
time a  process  for  treating  milk  daily  at  the  factory  so  as  to  bring  it 
into  practically  uniform  condition  for  cheese  making  purposes  is 
needed.  Such  a  process  should  include  means  for  stopping  the 
ripening  and  the  growth  of  harmful  bacteria,  etc.,  in  the  m'dk  as  soon 
as  it  is  received  at  the  factory,  in  order  that  it  may  be  ripened  with  a 
clean  starter,  in  a  uniform  manner,  daily.  The  process  should  be 
applicable  to  milk  of  any  degree  of  ripeness  which  can  properly  be 
accepted  as  fit  for  cheese  making  from  a  sanitary  standpoint.  When 
milk  is  thus  brought  by  a  preliminary  treatment  into  uniform  condi- 
tion at  the  factory,  both  as  to  acidity  and  as  to  bacterial  content, 
the  present  variable  and  irregular  methods  of  making  cheese  could 
probably  be  replaced  by  a  routine  process,  operated  upon  a  fixed  time 
schedule  without  variation  from  day  to  day.  As  a  result,  it  is  to  be 
expected  that  the  uniformity,  quality,  and  yield  of  cheese  would  be 
much  improved  as  compared  with  that  obtained  by  the  older  methods. 
In  many  other  lines  of  manufacture  in  recent  years  preliminary  proc- 
esses have  been  devised  for  bringing  raw  materials  into  uniform 
condition  before  they  enter  the  manufacturing  process,  and  improved 
products,  increased  economies,  and  larger  output  and  profits  have 
resulted.  It  is  desirable  that  the  same  general  methods  of  improve- 
ment which  have  been  used  with  success  in  other  lines  be  applied  also 
to  the  cheese-making  industry. 

FAULTS  TO   BE   GOBBECTED  IN   MILK  FOB   CHEESE   MAKING. 

The  defects  most  commonly  met  with  in  milk,  which  must  be  cor- 
rected by  such  a  preparatory  process  as  that  contemplated,  are  of 
bacterial  origin.  A  variable  content  of  lactic-acid  bacteria  causes 
milk  when  received  at  the  factory  to  exhibit  different  degrees  of 
acidity  and  also  causes  the  subsequent  development  of  acid  in  the 
milk  and  curd,  while  in  the  vat,  to  go  on  at  varying  rates.  On 
account  of  the  important  influence  which  acidity  has  upon  the  rate 
at  which  whey  is  expelled  from  curd,  as  pointed  out  in  a  previous 
bulletin,^  it  may  weU  be  said  that  this  is  the  leading  controlling  factor 
in  the  manufacture  of  American  Cheddar  cheese.  Therefore  it  is  of 
prime  importance  to  secure  milk  of  uniform  acidity  with  which  to 

1  Sammis,  J.  L.,  Sutukl,  S.  K,  and  Laabe,  F.  W.  Faoton  controlling  the  moisture  content  of  cheese 
cords.  U.  S.  Department  of  Afrioultuit,  Bureau  of  Animal  Ihdustryi  Bulletin  132.  Waahlngfom,  1010. 
See  p.  90. 
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begin  cheese  making;  and  also  to  provide  for  subsequent  acid  de- 
velopment at  a  practically  fixed  rate  every  day  in  order  to  avoid  the 
present  troubles  due  to  irregular  acid  formation. 

Those  bacteria  which  produce  gas  or  tainted,  unc]ean  flavors  are 
all  too  common  in  milk,  and  are  the  cause  of  much  trouble  in  the 
cheese  factory.  Bacteria  which  produce  diseases  such  as  tuberculosis, 
typhoid  fever,  diphtheria,  dysentery,  etc.,  have  often  been  found  in 
milk,  although  it  is  difficult  to  prove  that  any  person  ever  contracted 
these  diseased  from  eating  cheese.  These  and  other  bacterial  infec- 
tions of  raw  cream  and  milk  for  city  trade  are  usually  combated  by 
pasteurization;  this  is  true,  likewise,  in  butter  making,  and  with  skim 
milk  when  used  for  feeding  stock.  It  seems  reasonable,  therefore, 
that  any  process,  such  as  pasteurization,  which  will  kill  the  acid, 
taint,  gas,  and  disease-producing  organisms  in  milk  would  also  im- 
prove the  quality  of  the  cheese  produced  therefrom. 

THE    NEOBSSITY    FOB    THE    PASTEURIZATION    OF    MILK    FOB    CHEESE 

MAKING. 

m 

In  view  of  the  possible  presence  of  tubercle  bacilli  in  market 
cheese,  Mohler'  in  1908  recommended  the  ^'pasteurization  of  the 
milk  in  order  to  make  the  cheese  perfectly  safe."  Mohler,  Washburn, 
and  Doane  '  prepared  and  studied  cheese  from  milk  to  which  cultures 
of  bacillus  tuberculosis  had  been  added.  They  inoculated  guinea 
pigs  with  such  cheese  at  various  periods  of  time  after  its  manufacture 
and  found  that — 

Advancing  cases  of  generalized  tuberculosis  were  developed  (in  guinea  pigs)  by 
means  of  inoculation  of  cheese  220  days  old ,  and  that  slight  tubercular  lesions  were 
caused  by  the  injection  of  an  emulsion  of  cheese  when  261  days  old.'' 

They  add: 

\i  it  is  possible  to  use  pasteurized  milk  in  the  manufacture  of  cheese  without  injuring 
the  prpduct  a  simple  solution  of  the  problem  is  offered  to  the  cheese  manufacturer  in 
the  process  known  as  pasteurization. 

These  authors  also  give  a  brief  r6siim6  of  previous  work  on  this 
subject  in  Europe  and  America. 

It  is  evident  that  the  bacillus  of  tuberculosis  not  only  retains  its 
life  but  also  its  virulence  in  cheese  for  a  considerable  period  of  time, 
and  that  cheese  made  from  raw,  unpasteurized  milk  should  therefore 
be  considered  as  a  possible  carrier  of  tubercle  bacilli. 

There  is  a  strong  tendency  at  the  present  time  to  cure  American 
cheese  more  rapidly  than  in  the  past,  so  that  it  commonly  reaches 

I  Mohler, John  R.  Conditions  and  dtaaasw  of  the  cow  injurioosly  affecting  the  milk.  U.  Bi  Treasory 
Department,  Public  Health  and  liarine-Hospltal  Service,  Hygienic  Laboratory,  Bulletin  41.  Washing- 
ton, 1908.    Seep.  4ft5. 

>  Mohler,  John  R.,  Washburn,  Henry  J.,  and  Doane,  C.  F.  The  Tiability  of  tubercle  bacilli  in  chMse, 
Twenty-tizth  Asnnal  Report  of  the  Bureau  of  Anlaal  Indoftry,  U.  B.  Department  of  Agriculture  (1900), 
p^U7-19L   Washington.  1911. 
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In  Denmark  a  kind  of  cheese  is  made  from  pasteurized  skim  milk 
to  which  about  10  per  cent  of  buttermilk  is  added  so  as  to  bring  the 
acidity  up  to  about  0.21  per  cent  just  before  adding  rennet.^ 

In  1907  Dean '  stated  as  a  result  of  experiments  in  the  use  of  cal- 
cium chlorid  with  pasteurized  milk  for  cheese  making  "the  coag- 
ulum  was  of  a  soft,  weak  nature  and  the  cheese  tended  to  be  soft  and 
porous."  He  also  added  1)  to  3  per  cent  of  bacterial  starters  to 
milk  pasteurized  at  180°  F.  and  ripened  some  time  before  adding 
rennet.  The  rennet  coagulated  the  milk,  but  the  curd  was  weak  in 
body.  He  noted  an  increased  yield  of  cheese,  but  the  cheese  tended 
to  be  open  and  weak  in  body  and  texture.    He  adds: 

On  the  whole  the  results  are  not  very  satisfactory  and  we  shall  require  more  lig^t 
on  the  subject  of  making  pasteurized  milk  cheese  before  we  could  recommend  the 
method  to  Canadian  cheese  makers. 

In  1910  C.  A.  Publow'  mentioned  briefly  some  experiments  in 
making  cheese  from  pasteurized  milk,  adding  to  each  100  pounds  of 
milk  2  cubic  centimeters  of  a  25  per  cent  solution  of  calcium  chlorid 
and  2  or  3  pounds  of  bacterial  starter.  The  details  of  the  method 
and  the  opinions  of  cheese  judges  other  than  the  author  respecting 
the  product  are  not  pubUshed.  At  this  station  in  previous  years 
efforts  have  been  made  to  obtain  good  American  cheese  from  pas- 
teurized milk  with  the  aid  of  calcium  chlorid,  but  without  success. 

DIFFICULTIES  MET  IN  MAKING  CHEESE  FROM  PASTEURIZED  MILK. 

Pasteurization  of  milk  prevents  or  greatly  delays  subsequent 
coagulation  with  rennet.  The  curd  from  such  milk  when  finally 
cut  into  cubes  expels  moisture  with  much  greater  difliculty  than  a 
raw-milk  curd,  probably  because  of  some  chemical  change  produced 
in  the  casein  by  the  heat  of  pasteurization.  Rapid  acid  formation 
by  bacterial  action  which  occurs  in  raw  milk  and  raw-milk  curds 
does  not  occur  in  the  pasteurized  material.  The  presence  of  a  mod- 
erate amount  of  lactic  acid  in  raw-milk  curds  greatly  hastens  the 
separation  of  whey  from  the  curd,  and  the  lack  of  acid  development 
in  pasteurized-milk  curds  is  another  condition  favoring  the  retention 
of  excessive  moisture  in  the  curd  and  cheese. 

The  addition  of  calcium  chlorid  to  milk  which  has  been  pasteurized 
is  known  to  restore  in  a  measure  the  coagulability  of  the  milk  with 
rennet,  but  we  have  observed,  as  Publow*  points  out,  that,  although 
coagulation  begins  in  about  five  minutes,  "the  curd  does  not  become 
firm  enough  for  cutting  in  the  usual  time  and  should  not  be  cut 
before  it  is  firm."     Although  the  addition  of  calcium  chlorid  restores 

1  Decker,  John  W.    Cheese  making.    5th  edition.    ICadison,  Wis.,  1900.    See  p.  194. 
s  Dean,  H.  H.    Experiments  in  cheese  making.    Ontario  Agricultural  Collegei  Thirty-thiid  Annual 
Report  (1907).    Toronto,  1908.    See  p.  120. 
*  Publow,  Charles  A.    Fancy  cheese  in  America.    Chicago,  1010.    See  p.  20. 
'  X4OC.  cit.    See  p.  21. 
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the  coagulability  with  rennet,  it  does  not  correct  the  acidity  and  the 
other  difficulties  mentioned  above  as  being  caused  by  pasteurization. 
The  lack  of  acidity  in  such  curd  might  be  supplied  by  adding  starter 
to  the  pasteurized  milk  and  ripening  for  several  hours  before  starting 
the  cheese  making,  but  the  resulting  loss  of  time  would  prohibit  this 
practice  in  factories.  Where  both  starter  and  calcium  chlorid  are 
added  to  milk  after  pasteurization,  as  suggested  by  Publow,  and  the 
cheese-making  process  is  begun  at  once  without  waiting  for  ripening, 
the  daily  variations  in  natural  acidity  of  the  milk  used  produce  cor- 
responding variations  m  the  moisture  content  of  the  cheese  which 
affect  its  quality.     (See  Table  1.) 

What  is  needed  in  place  of  calcium  chlorid  for  addition  to  pasteur- 
ized milk  is  something  which  will  not  only  restore  the  coagulability 
with  rennet,  but  which  will  also  bring  up  the  acidity  without  delay  to 
a  sufficiently  high  percentage  to  induce  reasonably  rapid  and  com- 
plete separation  of  whey  from  curd.  A  uniform  acidity  is  necessary 
daily  so  as  to  avoid  daily  variations  in  moisture  content  of  cheese. 

DIFFICULTIES   OVERCOBCE   BY   ACIDULATION   OF   PASTEUBIZED  MILK. 

The  substance  which  has  been  found  to  meet  all  of  the  foregoing 
requirements  and  which  appears  to  be  unobjectionable  from  all  standy 
points  is  hydrochloric  acid.  While  it  might  appear  impracticable 
at  first  glance  to  acidulate  milk  in  large  quantities  daily  at  a  factory, 
yet  upon  trial  this  is  found  to  be  entirely  practicable;  and  it  has  now 
been  done  almost  daily  for  nearly  three  years,  without  any  trouble 
arising  from  coagulation  of  the  milk  with  acid  at  any  time. 

In  Table  1  is  shown  the  moisture  content  of  green  cheese  obtained 
on  12  days  from  pasteurized  milk  by  the  use  of  calcium  chlorid 
in  the  proportions  suggested  by  Publow  (see  p.  14)  and  by  the 
use  of  hydrochloric  acid,  using  always  sufficient  acid  to  raise  the 
acidity  of  the  milk  to  0.25  per  cent  calculated  as  lactic  acid.  The 
milk  used  in  the  two  vats  was  taken  from  the  same  receiving  vat 
full  of  milk,  after  thorough  mixing.  It  was  all  pasteurized  alike 
and  one-half  was  then  treated  with  calcium  chlorid  and  the  other 
with  hydrochloric  acid.  These  were  then  made  up  into  cheese 
separately  and  were  sampled  for  moisture  at  the  time  the  cheeses 
were  dressed,  after  pressing  one  hour.^  From  the  table  it  can  be 
seen  that  whenever  the  acidity  of  the  milk  used  was  low  (0.16  to  0.18 
per  cent)  the  moisture  content  of  the  cheese  made  with  calcium 
chlorid  was  high  (40  to  44.45  per  cent),  and  when  the  acidity  was  high 
(0.21  to  0.23  per  cent)  the  moisture  content  was  low  (38  to  40  per 
cent).  But  in  all  cases  where  hydrochloric  acid  was  added  instead 
of  calcium  chlorid  the  moisture  content  of  the  c«ird  was  37.5  to  40 
per  cent,  whether  the  natural  acidity  of  the  milk  was  high  or  low. 

>  Th()  correctDflss  of  this  metbod  of  sampling  cheese  for  Uie  moisture  test  is  demonstrated  in  the  latter  part 
or  this  bulletin. 
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Table  1.— ComporiMm  of  moisture  ocmUnt  and  quaiUy  of  cheese  made  wUk  ealekm 

chUmd  and  toUh  hffdrochtorie  and. 


Addity 

of  milk 

when 

tour- 
iced. 

How  made. 

Moisture 

content  of 

dressed 

cheese. 

Score. 

Crittdsm. 

Data  made. 

Fla- 
vor. 

Tex- 
ture. 

FlatTor. 

Texture. 

1011. 
Au^l8 

Perct. 
0.165 
.165 
.166 
.165 
.17 
.17 
.175 
.175 
.176 
.175 
.176 
.176 
.186 
.186 
.190 

.190 

.21 

.21 

.21 

.21 

•s 

.22 
.31 
.187 
.215 

Caidnm  chlorid... 
HTdiwhlorie  add . 
Calcium  chlorid . . . 
Hydrochloric  add. 
Caldum  chlorid... 
Hydrochloric  add. 
Calcium  chlorid... 
Hydrochloric  add. 
Calcium  chlorid... 
Hydrochloric  acid. 
Caidnm  chlorid . . . 
Hydrochloric  add . 
Caldum  chlorid... 
Hydrochloric  add . 

Hydrochloric  add. 
Caldum  chlorid... 
Hydrochloric  acid. 
Calcium  chlorid... 
Hydrochloric  acid. 
Caldum  chlorid... 
Hydrochloric  add. 

■  •  •  •  •  %A^f  •■■■■■■■^■••« 

do 

Calcium  chlorid . . . 
Hydrochloric  add. 

Percent. 
42.25 
37.70. 
42.36 
38.80 
41.60 
37.70 
44.27 
39.20 
44.27 
30.62 
44.46 
30.02 
42.90 
30.90 
41.50 

39.96 
39.20 
39.62 
38.70 
38.60 
40.60 
39.95 
39.05 
37.68 
38.67 

38 

41* 
40 
41 
38 

*^ 
39 

40| 

37 

41 

4lJ 
40 

11* 

41 
39 

t\* 

41 

26 

27J 

26 

27J 

24 

28 

27 
26 

1 

28 
25 
28 
26 

P 

27 

261 

27l 

Flat,  pungent 

Clean 

Curdy.  looee,  weak. 
Trifle  loose. 

Flat,  lacking 

Clean  and  O.K... 

Ladraadd 

Trifle  acid 

Wgk,  stilly. 
Trifle  weak. 
Wet  and  stkJcy. 
Trifle  sticky. 

Aug.  23 

Ang.26 

Low,  lacking 

Trifle  sharp 

Sour-milk  flavor.. 

Trifle  sharp 

Clean  and  O.K... 
O.K 

Trifle  weak. 

Do. 
Very  loose,  weak. 
Trifle  weak. 
Sticky,  loose,  short. 

Aug.ll 

Do.  .k..  • 

Bitter,  lacks  acid.. 
O.K 

Coarse,  loose. 

Sept.  4 

Do 

Aug.  17 

Do 

Aug.  16 

Do 

Aug.  28 

Sweet,  bitter 

Add  aftertaste.... 

Tastes  salty 

do 

Vinegar  flavor 

Clean  and  O.K... 

Trifle  bitter 

do 

Weak,  mechanical 

holes. 
Mechanical  boles. 
Weak  and  sticky. 
Loose,  sticky. 
Sweet  holes. 
Trifle  loose. 
Short,  sticky. 
Trifle  short. 

Aug.  7 

Aug.  10 

Aug.  21 

* 

Averan . . . . 

42.00 
38.95 

39.45 
41.23 

25.73 
27.36 

Do 

From  the  above  table  it  is  evident  that  when  milk  is  acidulated  with 
hydrochloric  acid  after  pasteurization,  as  in  the  new  method,  the 
moisture  content  of  the  green  cheese  is  not  affected  by  the  ripeness  of  the 
milk  before  pasteurization  and  is  quite  constant  between  37.5  and  40 
per  cent.  This  advantage  does  not  attend  the  use  of  calcium  chlorid. 
The  daily  variations  of  moisture  content  shown  in  column  4,  which 
are  between  37.5  and  40  per  cent,  are  doubtless  due  to  causes  other 
than  acidity,  and  did  not  noticeably  affect  the  quality  of  the  cheese. 
The  scores  and  criticisms  show  that  the  cheese  made  with  calcium 
chlorid  was  neither  as  uniform  nor  as  good  in  quality  as  that  made 
with  hydrochloric  acid. 

The  addition  of  hydrochloric  or  lactic  acid  to  cream  to  raise  its 
acidity  without  delay,  preparatory  to  churning,  was  attempted  by 
Babcock  in  1888.*  The  addition  of  a  conmiercial  acid  to  raw  milk 
to  raise  its  acidity  without  waiting  for  bacterial  action  was  suggested 
to  the  writer  in  1905  by  Dr.  S.  M.  Babcock,  chief  chemist  of  the 
Wisconsin  Experiment  Station,  and  during  the  years  1905-6  the 
effort  was  made,  following  the  suggestion  of  Dr.  Babcock,  to  avoid 
the  necessity  for  ripening  milk  for  cheese  making  at  the  factory  and 

1  Babcock,  S.  M.  Churning  tests.  Wisconsin  Agricultural  Experiment  Station,  Fifth  Annual  Rqwrt, 
1888,  p.  111-121.  liadiaon,  1888.  Seep.  118.  See  also  patent  granted  to  MflUer,  Miksh-zdtung,  vd-jB,  nou 
19,  p.  301,  Bremen,  May  12, 18M;  also  notes  on  this  subject  in  same  volume,  pp.  426, 464, 701,  750l 
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to  substitute  for  such  ripening  the  addition  of  a  commercial  acid  to 
the  milk  as  soon  as  it  was  received.  Immediately  after  acidulating 
the  milk  it  was  heated  to  86°  and  rennet  was  added  and  the  process 
completed  in  the  usual  manner.  These  experiments  showed  conclu- 
sively that  a  commercial  acid  such  as  hydrochloric  acid  can  be  added  to 
milk  without  in  any  way  damaging  the  quality  of  the  cheese  obtained. 
However,  the  quality  of  cheese  obtained  from  overripe  or  tainted 
milk  was  not  improved  by  the  use  of  the  acid,  and  it  was  concluded 
that  acidulation  alone  does  not  offer  sufficient  advantages  to  warrant 
its  recommendation  to  cheese  makers.  The  addition  of  acids  to 
pasteurized  milk  for  cheese  making  was  begun  by  the  writer  in  1907. 

Pasteurization  and  acidulation  of  milk  appear  to  be  complementary 
processes,  each  supplying  what  the  other  lacks  and  together  forming 
the  basis  of  an  improved  method  of  cheese  making. 

Since  the  use  of  calcium  chlorid  in  pasteurized-milk  cheese  will  not 
be  referred  to  again  in  this  paper,  two  other  points  will  be  mentioned 
here  in  which  the  use  of  hydrochloric  acid  is  more  advantageous. 
These  are:  First,  that  the  hydrochloric  acid  curds  always  begin  to 
thicken  6^  to  7  minutes  after  rennet  is  added,  while  with  calcium 
chlorid  the  first  visible  coagulation  occurs  earlier  if  the  milk  used  is 
very  ripe  and  later  if  the  milk  is  sweet,  thus  varying  from  day  to  day, 
as  shown  in  Table  2.  Second,  the  percentage  of  fat  lost  in  the  whey  is 
on  the  average  about  0.14  per  cent  greater  in  the  method  using  cal- 
cium chlorid  than  when  hydrochloric  acid  is  used,  as  also  shown  in 
Table  2.  This  is  probably  because  calcium  chlorid  curds  are  always 
more  mushy  and  easier  to  break  up  in  stirring  than  curds  made  with 
hydrochloric  acid.  The  latter  are  really  superior  in  this  respect  to 
curds  obtained  by  the  regular  factory  methods. 

Table  2. — Comparison  of  calcium  chlorid  with  hydrochloric  acid  as  to  their  effects  on  cheese 

made  with  pasteurized  milk. 


Time  required  for 
visible  coagulsr 
tion  after  adding 
rennet. 

Per  cent  of  fat  in 
whey  at  time  of 
drawing     whey 
and  matting 
curd. 

Acidity 

of  milk 

used. 

Date. 

Calcium 
chlorid. 

Hydro- 
chloric 
add. 

Calcium 
chlorid. 

Hydro- 
chloric 
acid. 

1911. 

Minutes. 

Minuta, 

PereeiU. 

Percent. 

Percent. 

July  28 

14 

0.23 

0.13 

0.17 

Aug.  11 

15 

.35 

.14 

.185 

16 

6 

.16 

.12 

.21 

17 

4 

.21 

.14 

.21 

18 

14 

.32 

.19 

.165 

22 

IH 

.32 

.18 

.165 

23 

18 

.39 

.20 

.176 

24 

18 

.42 

.20 

.176 

25 

16 

.38 

.16 

.175 

28 
ATerege.. 

«i 

.17 

.13 

.22 

.205 

.159 

• 

79994°— Bull.  165—13- 
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THE  PASTEURIZATION  PROCESS. 
PASTEXTRtZATION   IN   A  DISCONTINUOUS  OE   '*HELD"   PASTEURIZER. 

In  May,  1907,  one  day's  milk  supply  was  divided  in  two  portions, 
one  of  whick  was  made  up  by  the  regular  method  and  the  other  was 
pasteurized  for  18  minutes  at  160°  F.  and  acidulated  with  hydro- 
chloric acid.  The  pasteurized  vat  gave  the  best-flavored  cheese  after 
curing,  though  it  was  inferior  in  texture  to  the  other.  On  March  12 
and  27,  1908,  milk  pasteurized  at  140°  for  20  minutes  and  then  acidu- 
lated gave  such  good  cheese  that  a  systematic  study  of  the  combined 
process  of  pasteurization  and  acidulation  was  begun  in  July,  1908. 
Cheese  was  made  from  milk  pasteurized  at  140°  F.  for  20  minutes, 
either  in  a  Potts  pasteurizer  or  in  the  cheese  vat,  by  running  first 
steam  and  then  cold  water  into  the  jacket.  At  the  same  time  part  of 
the  milk  supply  after  mixing  and  dividing  was  used  for  making  cheese 
by  the  regular  methods.  The  scores  given  to  the  two  lots  of  cheese 
thus  obtained  are  shown  below: 

Tablb  3. — Campariion  of  flavor  and  texture  ofcheue  made  from  raw  milk  and  from  milk 

pasteurized  at  140^  F.  for  tO  minutes. 


Pasteuriied  ctaMae. 

Regular  make. 

Date 
made. 

• 

FlaTor. 

Texture. 

Flavor. 

Texture. 

190ft. 

Jaly  16 

38.3 

98.2 

86.2 

37.8 

17 

40.0 

27.0 

38.6 

26.25 

18 

41.7 

27.5 

30.25 

27.0 

30 

40.8 

26.3 

37.3 

26.75 

21 

41.2 

20.0 

41.2 

26.2 

22 

41.3 

26.8 

38.0 

26.76 

23 

40.8 

26.7 

89.5 

26.5 

24 

41.0 

27.26 

88.3 

26.25 

31 
Average. . 

40.25 

26.26 

36.5 

36.5 

40.60 

27.00 

38.80 

26.66 

The  scoring  was  done  by  J.  W.  Moore  and  F.  W.  Laabs.  In  every 
case  but  one  the  pasteurized  cheese  had  better  flavor  and  there  was 
little  difference  in  texture  between  the  two  lots. 


CONTINUOUS   AND 


'^HELD'' 


PASTEURIZATION   COMPARED. 


On  account  of  the  large  volume  of  milk  which  must  be  handled 
daily  in  a  cheese  factory,  and  the  greater  expense  involved  in  providing 
arrangements  of  sufficient  capacity  for  heating  and  cooling  5,000  to 
7,000  pounds  of  milk  at  one  time  as  compared  with  the  small  cost  of 
a  continuous  pasteurizer,  most  of  the  later  work  was  done  with 
continuous  pasteurizers.  These  can  be  used  for  handling  any 
required  volume  of  milk,  a  larger  quantity  simply  necessitating  a 
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longer  time  for  running.  At  the  present  time  they  are  believed 
preferable  for  cheese-factory  use  over  any  form  of  intermittent  pas- 
teurizer yet  devised.  Good  results  had  been  obtained  by  pasteuri- 
zation at  140^  for  20  minutes,  but  since  continuous  pasteurization 
seemed  the  more  practical  factory  method,  it  was  determined  to  use 
both  methods  in  comparison  on  the  same  milk  for  several  days.  On 
eight  days,  between  July  16  and  24,  1908,  half  of  the  milk  was  pas- 
teurized at  140°  for  20  minutes  and  the  other  half  at  either  150®,  160**, 
or  170°  in  the  continuous  machine.  The  effectiveness  of  the  two 
methods  of  pasteurization  was  judged  from  the  increase  in  acidity 
observed  in  the  whey  within  the  time  from  cutting  curd  to  drawing 
whey  specified  in  each  case. 

Table  4. — Inaretue  of  acidity  after  pasteumation  by  continuous  and  by  held  proceseei. 


Dste. 

Milk  held  at  140* 
for  20  Tninutes. 

Mil^    pasteurised 
at  150'.    Instan- 
taneous. 

Milk    pasteurised 
at  160'.    Instan- 
taneous. 

MUk    pasteurised 
at  170*.   Instan- 
taneous. 

In- 
crease. 

Time. 

In- 
crease. 

Time. 

In- 
crease. 

Time. 

In- 
crease. 

Time. 

1008. 

July  16 
17 
18 
20 
21 
22 
23 
24 

Per  a. 
0.11 
.008 
.065 
.01 
.02 
.03 
.078 
.018 

H.  m. 
2    57 
2    17 
2    17 
2    31 
2    19 
2    21 
2    10 
2    30 

Per  et. 

H.    m. 

Perct. 
0.066 
.03 
.03  • 

S.  m. 
3     0 
2    60 
2    46 

Perct. 

H.    w. 

0.01 
.01 
.035 
.053 

3    80 
3    30 
3    20 
8      8 

0.01 

2   40 

From  the  above  it  can  be  seen  that  where  milk  is  highly  inoculated 
when  raw,  as  on  July  16,  17, 18,  and  23,  the  acidity  of  the  whey  rose 
0.05,  0.06,  0.07,  and  0.11  per  cent  in  about  2^  hours  after  pasteur- 
izing at  140°  for  20  minutes,  while  it  rose  only  about  half  as  high  in 
3  hours  after  pasteurizing  at  160°  or  170°  in  the  continuous  machine. 

A  further  substantial  difference  between  curds  from  milk  pasteur- 
ized on  the  one  hand  at  140°  for  20  minutes  and  on  the  other  at  160° 
in  the  continuous  machine  is  that  the  former  curds  often  become  mel- 
low and  greased  on  the  surface  and  leak  white  whey  after  milling,  in 
this  respect  resembling  some  raw-milk  curds.  It  was  supposed  at 
first,  from  analogy  to  ordinary  factory  methods,  that  the  curd  which 
became  mellow  and  somewhat  greased  on  the  surface  and  which  leaked 
more  or  less  white  whey  was  more  likely  to  turn  out  well  than  the 
other,  which  was  supposed  to  be  lacking  in  acid  or  acid-forming 
bacteria.  The  observation  was  made  that  a  curd  from  milk  pasteur- 
ized at  170°  and  afterwards  treated  with  5  per  cent  starter  did  not 
become  mellow  in  the  least,  while  curds  from  the  same  day's  milk 
pasteurized  at  140°  for  20  minutes  and  then  treated  with  three- 
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fourths  per  cent  starter,  became  very  mellow  and  abundantly  greased 
before-  milling.  It  was  judged  unnecessary,  thereafter,  to  wait  for 
mellowness  or  any  other  evidence  of  bacterial  action  or  acid  develop- 
ment in  a  pasteurized-nulk  curd.  If  a  sufficient  proportion  of  starter 
has  been  added  after  pasteurization,  it  is  perfectly  certain  that  the 
bacteria  are  present  in  the  curd,  and  will  take  part  in  the  curing  on  the 
shelf.  From  this  point  of  view  the  mellowness  which  the  140®  curds 
occasionally  exhibit  ip  to  be  regarded  as  objectionable  and  as  evidence 
of  lack  of  uniformity  between  different  days'  make,  and  since  this' 
never  occurs  with  milk  pasteurized  at  160®  in  the  continuous  machine 
the  latter  appears  preferable. 

The  cause  for  the  greater  increase  of  acidity  in  whey  after  cutting 
curd  from  milk  pasteurized  at  140®  for  20  minutes,  as  shown  above, 
is  no  doubt  the  fact  that  the  milk  thus  pasteurized  contained  more 
living,  active  bacteria  than  that  pasteurized  in  the  continuous 
machine.  Samples  were  taken  for  bacteriological  count  in  every 
case  immediately  after  pasteurizing,  and  then  three-fourths  per 
cent  of  starter  was  added  to  each  vat,  followed  immediately  by 
rennet  as  soon  as  the  vat  could  be  heated.  Bacterial  counts  were 
made  on  these  samples  by  Mr.  L.  D.  Bushnell,  bacteriologist,  as 
follows: 

Table.  5. — Numher  of  haeteria  per  cubic  centimeter  in  raw  and  paetewized  milk. 


Date. 

Raw  milk. 

Pastoorlced  mUk. 

At  140'  for  20 
minutes. 

In  oontinuous  maohine. 

1906. 
July  17 
18 
20 
21 
22 
33 
24 

Number  per  ce. 

i02,ooS;ooo 

72,000,000 
119,000,000 

30,000,000 
173,000,000 
360,000.000 

65,000,000 

Number  per  ce. 

2,306,000 

2,620,000 

262,000 

33,000 

320,000 

15,820,000 

62,000 

Number  per  cc. 

65^1,000 

1,960,000 

200,000 

9,200 

38,000 

1,300,000 

1,100,000 

•F. 
160 
160 
170 
170 
170 
170 
150 

SELECTION     OF    BEST    TEMPERATURE     POR     PASTEURIZATION     IN    THE 

CONTINUOUS   MACHINE. 

The  temperature  selected  should  be  high  enough  to  insure  that 
the  ripening  of  the  milk  shall  be  uniformly  checked  daily,  regardless 
of  the  bacterial  content  of  the  milk  used,  and  it  should  not  be  so 
high  as  to  injure  the  quality  of  the  cheese.  Tests  were  made  as 
follows:  On  several  days  the  milk  supply  after  mixing  was  divided 
into  four  lots,  one  of  which  was  made  up  by  regular  methods,  the 
others  were  pasteurized  at  140^,  150^,  and  160^  and  made  up  in 
separate  vats.    The  cheese  after  curing  was  examined  by  several 
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expert  cheese  judges,  including  Messrs.  U.  S.  Baer,  Robert  McAdam, 
H.  J.  Noyes,  F.  W.  Laabs,  and  Gottlieb  Marty,  whose  scores  are 
given  in  Table  6: 

Table  6. — Quality  of  cheese  Tnadefram  rata  milk  and  from  mUk  pasteurized  at  different 

temperatures  in  the  eoTUinvotu-disk  maMne. 


Date. 

Regolar  make. 

Fasteuriied  at— 

140' 

•F. 

•       150' 

•F. 

160* 

•F. 

Flavor. 

Tex- 
ture. 

Flavor. 

Tex- 
ture. 

Flavor. 

Tex- 
ture. 

Flavor. 

Tex- 
ture. 

1908. 
July   14 
15 
16 
17 
20 
21 
22 
15 

16 

17 

20 

21 

22 
23 
24 

40.0 
40.5 
38.0 
38.0 
40.0 
41.0 
37.0 

28.5 
28.5 
28.0 
28.5 
•28.5 
28.5 
28.0 

41.5 
41.0 
40.0 
41.0 
41.0 
41.0 
38.0 

28.6 
29.0 
29.0 
29.0 
28.5 
28.5 
28.0 

43.0 
41.0 
41.0 
42.0 
42.0 
41.5 
30.0 
41.0 
44.0 
43.0 
40.0 
44.0 
41.5 
38.0 
44.5 
43.0 
40.5 
44.0 
41.0 
40.0 
40.0 
44.0 
37.0 
40.0 
35.0 
43.0 
40.0 
43.5 
36.0 

28.5 
29.0 
29.0 
29.0 
29.0 
29.0 
27.5 
27.5 
28.0 
28.0 
27.0 
28.0 
28.5 
23.0 
29.5 
29.0 
28.0 
29.0 
28.0 
28.0 
27.0 
29.0 
29.5 
25.0 
25.5 
27.0 
28.0 
28.5 
26.0 

40.0 
36.0 
36.0 
38.0 
39.0 
35.0 
38.0 
40.0 
40.0 
38.0 
38.0 
36.0 
37.0 
40.0 
35.0 
37.0 
42.0 
33.0 
36.0 
37.0 
39.0 
36.0 
42.0 
37.0 
44.0 
36.0 
43.0 
32.0 

28.5 

27.0 

28.0  * 

28.5 

29.0 

28.0 

27.0 

26.0 

26.0 

26.0 

24.0 

27.0 

26.0 

26.0 

26.5 

26.0 

27.0 

28.0 

28.0 

25.0 

26.0 

28.0 

28.0 

27.0 

26.0 

27.0 

28.0 

28.0 

*  *  -^  •  •  •  • 

In  nearly  every  case  the  160®  pasteurized-milk  cheeses  were 
cleaner  in  flavor  and  scored  higher  than  the  check,  and  in  every 
case  they  scored  higher  than  the  cheeses  pasteurized  at  140®  and  150®. 
The  different  judges  scored  the  cheese  at  different  ages,  which  will 
account  for  the  wide  variation  of  some  scores.  Bacterial  counts 
made  by  Mr.  W.  H.  Wright  *  show  that  pasteurization  at  160®  is 
more  effective  than  at  lower  temperatures.  This  is  well  illustrated 
in  Table  7. 


I  Unpublished  work  by  W.  H.  Wright,  Instructor  In  agricultural  bacteriology,  University  of  WlKsonsln. 
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Tabls  7. — Bacterial  content  of  milk  pasteurized  at  diferent  temperatures  in  the  conttnuoui" 

disk  moMne. 


Dftto. 

Bactfliia  per  cubic  centimeter. 

Raw  milk. 

ICilk  paeteurixed  ftt~ 

1«*F. 

160»r. 

160«F. 

1900. 
July  22 
23 
24 

• 

6,080,000 
5,800,000 
1,540,000 

600,000 
600,000 
189,000 

60,000 
60,000 
23,000 

438,000,000 
11,600,000 

That  the  use  of  160**  for  paateurization  is  high  enough  to  IdU  most 
of  the  bacteria  in  milk,  so  as  to  meet  requirements  such  as  those  of 
the  Chicago  ordinance  previously  referred  to  on  page  12,  is  shown  in 
Table  8  by  the  following  bacterial  counts  made  by  Mr.  Alfred  Larson 
in  1909: 

Tabls  S.— Bacterial  content  of  milk  before  and  after  pasteurization  in  the  continuous- 
disk  machine  at  160''  F. 


Date. 

Bacteria  per  cubic  centimeter. 

Decrease. 

Raw  milk. 

Pasteurised 
milk. 

1909. 

Percent. 

Aug.  17 

161,600,000 

223,350 

99.8 

18 

43,300,000 

1,275,000 

97.0 

19 

57,600,000 

211,000 

99.6 

20 

16,560,000 

252,160 

98.5 

21 

20,938,000 

40,960 

99.8 

22 

15,548,000 

430,250 

97.0 

24 

89,750,000 

544,250 

99.0 

36 

44,075,000 

86,120 

90.8 
99.9 

27 

76,000,000 

30,450 

28 

78,825,000 

166,400 

99.8 

31 

148,300,000 

77,560 

99.9 

Sept.    1 

25,836,000 

9,670 

99.9 

2 

51,660,000 

52,125 

99.9 

14 

27,150,000 

29,250 

99.9 

16 

77,650,000 

341,600 

09.6 

17 

38,900,000 

136,350 

99.6 

18 

124,700,000 

150,880 

99.8 

19 

60,280,000 

287,500 

99.5 

21 

185,000,000 

477,600 

99.6 

22 

63,500,000 

263,200 

99.7 

23 

45,525,000 

142,300 

99.7 

28 

18,376,000 

202,600 

98.8 

29 

13,660,000 

31,000 

99.7 

30 

980,000 

14,680 

98.5 

1910. 

July   11 

6,500,000 

27,000 

99.6 

12 

1,600,000 

25,000 

98.5 

13 

5,250,000 

17,200 

09.7 

14 

4,700,000 

36,000 

99.3 

15 

10,000,000 

28,700 

99.7 

20 

5,350,000 

21,000 

99.6 

Sept.  19 

2,525,000 

30,000 

98.8 
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Similar  determinations  were  made  by  Miss  A.  C;  Evans  upon  milk 
pasteurized  in  the  continuous  ''flash"  machine  in  1910.  They  are 
shown  in  Table  9: 


Table  9. — Bacterial  content  of  milh  before  and  after  paMteurization  i 

^'flash' '  nuuMne  at  160''  F. 


in  the  continuoui 


Number  of  bacteria  per  cubic 

ecDtimeter. 

Date. 

KQIed  by 
paeteurica- 

Raw  mOk. 

Pasteurised 
milk. 

tkm. 

1910. 

Per  cent. 

Aug.    3 

7,960,000 

4,700 

99.96 

4 

4,260,000 

16,300 

99.65 

5 

9,760,000 

142,000 

98.46 

9 

1,600,000 

4,860 

99.68 

n 

6,460,000 

11,260 

99.83 

Ifi 

2,860,000 

43,600 

98.47 

16 

1,017,600 

12,726 

98.75 

17 

38,000,000 

700 

99.99 

IS 

4,500,000 

6,000 

90.87 

19 

3,760,000 

6,600 

99.86 

24 

18,160,000 

18,800 

99.98 

26 

14,000,000 

6,600 

99.96 

30 

47,300,000 

16,200 

99.97 

Sept.    1 

2,160,000 

12,000 

99.44 

7 

6,660,000 

27,000 

99.58 

8 

8,800,000 

63,000 

99.29 

9 

2,800,000 

6,500 

99.80 

12 

10,200,000 

21,200 

99.73 

13 

2,120,000 

18,600 

99.13 

16 

18,000,000 

6,700 

99.97 

19 

2,626,000 

4,800 

99.83 

21 

1,700,000 

11,000 

99.35 

23 

9,000,000 

80,000 

99.67 

26 

11,200,000 

28,000 

99.76 

OBJECTIONS    TO    HIGHER    TEMPERATURES    THAN     160^-165®    P.     FOB 

PASTEURIZATION. 

Cheese  made  by  the  new  process  from  milk  pasteurized  at  160**  has 
always  a  clean,  mild  flavor  which  suits  practically  all  markets,  and 
will  please  any  consumer  who  Ukes  a  mild-flavored  cheese.  Those 
who  are  accustomed  to  and  prefer  very  old  high-flavored  cheese 
would  not  be  suited,  but  estimates  by  leading  cheese  dealers  indicate 
that  the  proportion  of  consumers  preferring  the  high-flavored  cheese 
is  very  small.  Most  of  the  cheese  sold  to-day  is  only  a  few  weeks 
old,  because  the  dealers  generally  avoid  long  storage,  preferring  quick 
sales  and  immediate  profits.  This  makes  it  practically  impossible 
for  most  consumers  to  develop  a  taste  for  any  but  the  new  mild 
cheese  sold  in  most  markets.  The  steady  sales  of  pasteurized-milk 
cheese  during  the  past  two  years  indicate  that  the  flavor  of  the  160** 
pasteurized  product  is  satisfactory  f or  filUng  regular  orders.  Indeed, 
it  is  an  open  question  whether  most  of  the  "high  snappy"  flavor 
often  observed  in  old  cheese  is  not  due  to  the  long-continued,  alow 
development  of  those  same  taints  and  off  flavors  from  unclean  milk 
which  we  recognize  as  objectionable  when  they  develop  rapidly. 
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The  use  of  higher  temperatures  than  160^  for  pasteurization  was 
tried  on  several  days,  with  the  result  that  the  flavor  production  in 
the  cheese  was  practically  pre^C^ented  and  the  texture  was  inferior. 
The  scores  given  to  these  cheeses  are  tabulated  below: 

Table  10. — Quality  of  cheese  from  milk  pasteurized  at  different  temperatures  in  the 

continuous-disk  machine. 


Date 
made. 

• 

Puteaiiied  ftt 
IWF. 

Pasteurked  at 
170- F. 

PasteurlMdat 
180' F. 

Flavor. 

Texture. 

Flavor. 

Texture. 

Flavor. 

Texture. 

1900. 
Oct.    12 
13 
14 

40 
40 
40 

39 
28* 

38 
39 
38 

27 
28 
27 

35 
35 
35 

15 
15 
15 

The  scoring  was  done  by  Mr.  F.  W.  Laabs.  The  180*^  cheeses  have 
no  Cheddar  flavor,  but  taste  Uke  first-class  cottage  cheese.  They 
are  so  crumbly  and  short  that  it  is  impossible  to  draw  a  solid  plug. 
They  keep  weU,  aud  it  is  possible  that  a  good  trade  might  be  built 
by  the  sale  of  this  product  under  some  such  name  as  ''pressed  cottage 
cheese.''  In  all  cases  the  use  of  160^  for  pasteurizing  milk  gave  better 
cheese  than  higher  temperatures. 

Three  reasons  have  been  suggested  why  the  milk  pasteurized  at 
180**  gives  flavorless  cheese: 

First.  If  bacteria  are  the  essential  cause  of  flavor  production,  it 
would  appear  hkely  that  the  necessary  kinds  of  milk  bacteria  are 
destroyed  by  the  high  temperature  of  pasteurization. 

Second.  If  milk  enzjrms  such  as  galactase  are  the  essential  cause 
of  flavor  production,  these  enzyms  are  perhaps  destroyed  by  the  use 
of  180^. 

Third.  It  may  be  that  the  casein  or  other  native  milk  constituent 
which  in  normal  cheese  undergoes  cleavage,  forming  the  flavor-giving 
substances  present  in  ripened  cheese,  is  changed  chemically  either  in 
composition  or  as  to  constitution  by  the  heating  to  180°,  so  that  upon 
cleavage  by  bacteria,  enzyms,  acids,  or  other  agencies  it  yields  differ- 
ent cleavage  products,  lacking  the  flavor,  etc.,  which  characterize 
normal  cheese. 

In  attempting  to  test  the  first  of  these  possible  explanations  a 
variety  of  substances  have  been  added  as  starters  to  milk  after  pas- 
teurizing at  180°  or  other  high  temperatures  in  order  if  possible  to 
supply  the  bacteria  or  enzym  needed  for  normal  curing  and  flavor 
production.  Among  the  special  starters  so  used  were  pure  cultures 
of  various  bacteria;  raw  milk  up  to  20  per  cent  of  the  vat  contents; 
cultures  of  bacteria  isolated  from  milk  and  cheese  capable  of  develop- 
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ing  1.6  per  cent  or  more  lactic  acid  in  milk  (described  by  Hastings*); 
cheese  of  various  ages  rubbed  to  creamy  consistency  with  milk  and 
added  in  different  proportions  through  a  hair  sieve  to  the  pasteurized 
milk  in  the  vat;  cultures  made  by  adding  cheese  in  this  manner  to 
milk  and  incubating  overnight  before  ad(fing  to  the  cheese  vat.  All 
of  these  materials  were  added  to  milk  which  had' been  pasteurized  at 
high  temperatures  up  to  180°,  and  cheese  was  made  therefrom;  but 
ill  no  case  was  it  possible  to  get  a  normal  flavor  development  in  the 
resulting  cheese. 

The  lack  of  flavor  production  under  these  circumstances,  where 
many  kinds  of  bacteria  and  starters  were  added  to  the  pasteurized 
milk,  seems  to  indicate  that  the  casein,  etc.,  in  milk  thus  treated  is 
incapable  of  cleavage  into  the  flavor-giving  substances;  in  other 
words,  that  the  casein,  etc.,  is  changed  chemically  by  the  heat  of  pas- 
teurization.    There  is  additional  evidence  that  such  a  change  occurs. 

EFFECT   OF   PASTEUBIZATION   ON   THE   PBOPEBTIES   OF   CHEESE   CUBD. 

A  series  of  cheese  curds  made  from  milk  pasteurized  at  160°,  170°, 
180°,  or  higher  temperatures  show  a  regular  gradation  of  certain  char- 
acteristics. The  higher  the  temperature  of  pasteurization  the  more 
tenaciously  the  curd  retains  moisture  and  the  more  difficult  it  is  to 
expel  the  whey  by  ordinary  means.  This  is  shown  in  the  following 
experiment:  The  milk  in  the  receiving  vat  each  morning  was  thor- 
oughly mixed  and  then  divided  into  three  portions  which  were  run 
through  the  pasteurizer  at  different  temperatures  and  made  up  into 
cheese  in  different  vats.  Three-fourths  per  cent  of  starter  was  added 
to  each  vat  and  the  milk  and  curds  were  handled  in  all  respects  as 
nearly  alike  as  possible,  the  only  difference  being  in  the  temperature 
of  pasteurization.  The  curds  in  separate  hoops  were  pressed  in  the 
same  press,  and  the  next  morning  moisture  tests  were  made  on  each. 
This  entire  work  was  repeated  on  several  days.  The  results  are 
shown  in  Table  11. 


Table  11. — Moisture  content  off^een  cheese  made  from  milk  pasteurited  at  different  tem- 
peratures %n  the  contintums-dish  pasteurizer. 


Date. 

Mflk  pastaurlsod  at— 

160*  F. 

170*  F. 

180*  F. 

1909. 
Oct.   12 
13 
14 

Percent. 
38.4 
37.0 
39.0 

Percent. 
42.2 
39.9 
40.7 

PereenL 
46.0 
48.6 
46.6 

I  Hastings,  E.  O.,  Hammer,  B.  W.,  and  Hoffman,  0.    Studies  on  the  bacterial  and  leucocyte  content  of 
milk.    WisoQOSin  Agricultural  Experiment  Station,  Besearch  Bulletin  6.    Madison.  June,  1909. 
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Each  per  cent  given  is  the  average  of  two  closely  agreeing  dupli- 
cates. It  is  seen  that  in  every  case  the  higher  temperatures  of  pas- 
teurization cause  higher  moisture  content  in  the  green  cheese.  These 
curds  were  aU  cut  with  a  three-eighths-inch  knife  and  heated  to  104^ 
in  the  whey. 

Even  when  a  180^  curd  was  cut  with  one-fourth  inch  curd  knives 
and  a  160^  curd  with  three-eighths  inch  knives,  the  moisture  content 
in  the  former  remained  higher,  as  is  shown  in  the  following  experiment : 

Tabids  12. — Moisture  content  ofcurdi  made  from,  milk  pasteurized  at  dUferent  temperatures 
in  the  contintums-disk  pasteurizer  and  cut  with  knives  of  different  sixes. 


Milk  pasteoriied  at  160*  F. 

Milk  pasteurised  at 
IWF. 

Time    After    catting 
curd. 

Cut  into 
l-iDch 
cubes. 

Cut  into 
l-iach 
cubes. 

Cut  into 
i-iQch 
cubes. 

H,  111. 
1     0     

Percent. 
W.6 
6ai 
47.2 
43.3 
42.2 
41.4 

Percent. 
70.0 
63.9 
52.4 
47.2 
45.9 
45.1 

Percent. 
66.5 
61.0 
50.6 
46.0 
44.6 
43.9 

2     0     Drewwliey... 

2  30     

3  30     Milled  curd... 

4  30     Salted  curd... 
4   50     Hooped  curd. 

Each  per  cent  in  the  table  is  the  average  of  two  closely  agreeing 
moisture  determinations. 

It  is  unquestionably  true  that  pasteurized-milk  curds  retain  mois- 
ture more  tenaciously  than  raw-milk  curds,  and  this  effect  is  more 
marked  the  higher  the  temperature  used  in  the  pasteurization.  It 
therefore  follows  that  the  higher  the  temperature  used  in  the  pasteur- 
izer the  greater  will  be  the  weight  of  cheese  obtained  from  pasteurized 
milk.  The  yield  per  hundred  pounds  of  milk  weighed  before  pasteur- 
ization in  each  vat  on  three  days  is  given  in  Table  13. 

Table  13. —  Yield  of  cheese  per  hundred  pounds  of  milk  pasteurized  at  different  tempera- 

tures. 


Date  made. 

Temperature  of  pasteurisation. 

160»F. 

170'  F. 

180"  F. 

1909. 
Got.    12 
13 
14 

Pounds. 
12.28 
12.10 
11.03 

Pounds. 
13.42 
12.97 
12.70 

Pounds. 
15.42 
14.53 
14.44 

It  will  be  shown  later  that  the  yield  of  cheese  obtained  by  pasteur- 
izing at  160°  is  slightly  greater  than  that  obtained  from  raw  milk,  so 
that  in  this  respect  the  effect  of  pasteurization  is  distinctly  noticeable 
even  when  the  lower  temperature  is  used  in  the  pasteurizer.     Again, 
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among  the  peculiarities  of  pasteurized-milk  curds  is  their  decreased 
power  to  coalesce  or  mat  when  on  the  rack  or  in  the  press.  This 
effect  is  not  noticeable  with  milk  pasteurized  at  160°  to  165°,  but  is 
perceptible. at  170°  and  is  very  marked  when  the  milk  was  pasteurized 
at  180°  or  higher.  The  180°  curd  cubes  when  piled  on  the  rack  pack 
together  like  raisins  or  figs  in  a  box  but  do  not  coalesce  or  unite,  and 
by  rubbing  the  finger  over  the  mass  at  any  time  the  pieces  can  be 
pulled  apart.  The  same  effect  is  noticed  when  the  curd  is  pressed  in 
the  hoop.  The  pieces  pack  together  tightly  but  do  not  unite;  and 
at  any  time  during  the  curing  a  plug  drawn  with  a  trier  will  either 
come  out  in  fragments  or  will  break  into  pieces  instantly  when  han- 
dled. Instead  of  milling  such  a  curd,  it  is  merely  stirred  or  shaken 
apart  with  the  hands. 

These  two  peculiarities  of  pasteurized-milk  curds,  which  can  not 
be  remedied  or  avoided  by  any  other  means  than  reducing  the  tem- 
perature of  the  pasteurization,  considered  together  with  the  impos- 
sibihty  of  developing  Cheddar  flavor  after  pasteurization  at  high 
temperatures,  appear  to  indicate  that  the  pasteurization  produces 
some  deep-seated  change  in  the  chemical  constitution  of  casein. 

Another  peculiarity  of  pasteurized  milk,  that  of  coagulating  with 
nsnnet  only  with  great  difficulty,  nepd  only  be  mentioned  in  this 
connection,  because  in  the  process  of  cheese  making  here  described 
the  addition  of  hydrochloric  acid  to  the  pasteurized  milk  entirely 
restores  the  coagulability  with  rennet,  producing  a  curd  in  many 
respects  superior  to  and  easier  to  handle  than  the  curd  commonly 
obtained  in  the  regular  way  from  raw  milk. 

From  what  has  been  said  it  will  be  seen  that  the  use  of  160°  to  165° 
for  pasteurization  offers  many  practical  advantages.  It  is  sufficiently 
high  to  check  effectually  the  further  ripening  of  the  milk  during  the 
next  few  hours,  while  the  use  of  150°  is  not  high  enough  for  this  pur- 
pose. Furthermore,  160°  gives  cheese  of  cleaner  flavor  than  140°  or 
150°  (no  doubt  by  more  effectual  destruction  of  taint-producing 
bacteria)  or  than  raw  nailk,  as  shown  in  Table  6.  It  may  be  mentioned 
also  that  over  99  per  cent  of  the  total  bacterial  content  of  the  milk  is 
destroyed  by  use  of  160°,  as  shown  in  Tables  8  and  9.  The  160°  is 
preferred  to  170°  or  180°  because  the  cheese  obtained  by  the  use  of 
160°  is  more  nearly  like  the  best  American  cheese  in  moisture  content 
(see  Table  11)  and  in  texture  and  flavor.     (See  Table  10.) 

So  far  as  it  is  possible  to  say  at  the  present  time,  the  use  of  160°  is 
sufficient  to  kill  most  probably  99  per  cent  of  the  gas  and  taint- 
forming  bacteria  in  milk.  It  can  not  be  claimed  that  they  are  all 
killed,  because  it  is  true  that  when  very  unclean  milk  is  handled  by 
this  process  the  cheese  sometimes  shows  slight  traces  of  unclean 
flavors,  though  not  enough  to  affect  the  market  value.  While  gas 
and  pin  holes  have  often  been  seen  during  the  seasons  of  1909,  1910, 
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and  1911  in  cheese  made  by  regular  methods  at  this  factory,  no  gas 
whatever  was  seen  in  any  curd  or  cheese  made  during  1909  or  1911, 
and  the  gassy  cheese  obtained,  nine  days  in  succession,  in  1910  was 
demonstrated  to  be  due  to  the  use  by  mistake  of  a  gassy  starter  which 
was  added  to  the  milk  after  pasteurization.  The  fault  arose  at  that 
time  from  the  inefficient  means  then  at  hand  for  preparing  and  heat- 
ing milk  for  propagation  of  the  starter.  An  improved  steam  sterilizer 
was  at  once  set  up  for  this  purpose,  which  prevented  all  further  diffi- 
culty of  this  sort  during  the  past  two  years. 

The  temperature  finally  selected  as  most  completely  securing  the 
advantages  and  avoiding  the  disadvantages  of  pasteurization  for 
cheese  making  is  160^  to  165°  F.  In  practice  the  pasteurizer  is  set 
running  at  163°  and  held  there  as  closely  as  possible. 

THE   DIFFERENT  TYPES   OF   CONTINUOUS   PASTEURIZERS   USED. 

Two  different  pasteurizers  were  used  in  this  work  with  entire 
success,  being  apparently  equally  effective  in  producing  the  desired 
results  at  160°  to  165°.  These  were  a  disk  machine  of  2,000  pounds 
per  hour  capacity  and  a  *' flash''  machine  of  1,200  pounds  capacity 
per  hour.  (See  Pis.  II  and  III.)  The  choice  between  these  two  types 
of  pasteurizing  machines  for  use  in  this  process  appears  to  depend 
upon  their  relative  cost  and  ease  of  operation  &nd  cleaning,  rather 
than  upon  any  difference  in  effectiveness.  They  were  used  alternately 
on  successive  days  for  several  weeks,  andon  three  days,  September  1, 
12,  and  19,  1910,  the  milk  was  divided,  one-half  being  run  through 
each.  The  cheese  was  first  class  in  each  case  and  showed  no  differ- 
ences that  could  be  traced  to  the  use  of  different  machines. 

THE  ACIDULATION  PROCESS. 
THE   STANDARD   ACIDITY  OF  MILK  FOR  CHEESE  MAKING. 

Milk  as  it  flows  from  the  pasteurizer  varies  daily  in  acidity  and  is 
lacking  in  bacteria  of  the  lactic-acid  t3rpe,  needed  to  aid  in  cheese 
curing.  By  the  addition  of  sufficient  hydrochloric  acid  to  raise  the 
acidity  of  the  milk  to  0.25  per  cent  (as  lactic  acid)  after  pasteurizing, 
and  of  three-fourths  per  cent  of  a  first-class  starter,  the  pasteurized 
milk  is  brought  daily  into  standard  condition  both  as  to  acidity  and 
bacterial  content  for  cheese-making  purposes.  The  reasons  for 
adding  acid  and  starter  as  specified  will  now  be  given  in  detail. 

The  standard  acidity  is  0.25  per  cent,  and  the  acidity  of  pasteur- 
ized milk  is  raised  to  this  figure  rather  than  to  0.20  or  0.30  per  cent 
for  the  following  reasons: 

First.  In  regular  cheese  making  the  acidity  of  whey  when  drawn 
is,  on  the  average,  about  0.17  per  cent,  corresponding  to  an  acidity 
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of  milk  of  about  0.25  per  cent.  Anyone  can  test  the  correctness  of 
this  statement  by  transferring  a  pint  of  milk  from  a  cheese  vat,  just 
before  adding  rennet,  to  a  small  tin  pail,  keeping  the  milk  sample  at 
the  same  temperature  as  the  vat  and  titrating  the  milk  in  the  pail-  as 
well  as  whey  from  the  vat  at  intervals.  When  the  whey  reaches  0.17 
per  cent  the  milk  reaches  nearly  0.25  per  cent. 

The  control  of  acidity  at  the  instant  the  whey  is  drawn  is  commonly 
regarded  as  most  important  in  regular  cheese  making.  With  milk 
pasteurized  at  160°  there  is  little  or  no  increase  of  acidity  (usually 
about  0.01  per  cent)  in  whey,  before  the  whey  is  drawn.  "Die  acidity 
of  milk  is  adjusted  to  0.25  per  cent  in  this  process  after  pasteurizing 
in  order  to  parallel  ordinary  working  conditions  at  the  time  of  drawing 
the  whey. 

Second.  Mixed  milk  in  the  factory  cheese  vat  is  commonly  at  0.16 
to  0.18  per  cent  acidity  when  received,  although  often  at  0.19  to  0.21 
per  cent.  It  should  never  be  over  0.23  per  cent  acidity.  It  is  found 
that  an  addition  of  hydrochloric  acid  equal  to  at  least  0.02  per  cent 
of  lactic  acid  is  required  to  restore  the  coagulability  with  rennet  to 
such  milk  after  pasteurization,  but  the  daily  addition  of  only  0.02 
per  cent  of  acid  would  leave  the  milk  of  varying  acidity,  which  is 
objectionable.  If  0.20  per  cent  were  adopted  as  the  standard  acidity, 
after  adding  0.02  per  cent  in  the  form  of  hydrochloric  acid,  this  rule 
would  exclude  from  use  all  milk  having  a  higher  acidity  than  0.18 
per  cent  when  received,  which  it  is  not  desirable  to  do.  Only  rarely 
is  a  vat  full  of  milk  at  0.23  per  cent  acidity  received  at  any  factory, 
but  even  such  milk  can  be  handled  in  the  routine  manner  at  the  stand- 
ard acidity  of  0.25  per  cent  by  adding  the  required  0.02  per  cent  of 
hydrochloric  acid  after  pasteurization. 

It  might  be  stated  as  a  matter  of  record,  not  as  a  precedent  for 
factory  practice,  that  vats  of  milk  of  0.24  to  0.28  per  cent  acidity 
when  received  have  been  successfully  made  up  into  good  cheese  with- 
out varying  the  process  in  any  particular,  excepting  that  only  enough 
acid  is  added  after  pasteurization  to  raise  the  acidity  0.01  per  cent, 
which  is  sufficient  to  restore  the  rennet  coagulation  to  such  ripe  milk. 
The  only  apparent  limit  of  acidity  for  milk  to  be  handled  by  this 
process  is  that  the  milk  should  not,  of  course,  be  sour  enough  to 
curdle  in  the  pasteurizer,  and  this  limit  is  reached  at  or  about  0.30 
per  cent. 

However,  it  should  be  recognized  by  everyone  that  milk  that  has 
reached  0.30  per  cent  or  even  0.25  per  cent  acidity  before  it  gets  to 
the  cheese  factory  must  have  received  very  poor  care  and  attention 
on  the  farm  and  must  be  entirely  unfit  for  cheese  making  from  a  sani- 
tary point  of  view. 
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COMPABISON   OF  DIFFEBENT   KINDS  OF  ACIDS   FOR  USE   IN   CHEESE 

MAKING. 

« 

Of  the  more  common  acids — sulphuric,  hydrochloric,  and  phos- 
phoric— the  first  is  the  least  convenient  to  handle,  especially  in  a 
cheese  factory,  because  of  the  great  amount  of  heat  Uberated  when  it 
is  diluted,  and  the  impossibility  of  diluting  it  in  the  carboy  in  which 
it  is  received.  Hydrochloric  acid  is  much  better  in  this  respect 
as  it  can  be  readily  diluted  with  an  equal  volume  of  water  by  pouring 
the  water  into  the  acid  with  no  danger  and  very  little  heat  evolution. 
Thus  diluted  it  fumes  very  httle,  if  at  all,  and  can  be  readily  and  accu- 
rately standardized  by  titration  with  normal  caustic  soda  and  phenol- 
phthalein  indicator.  Phosphoric  acid  can  be  purchased  in  carboys 
of  about  50  per  cent  strength,  requires  no  dilution  in  the  carboy,  and 
liberates  little  or  no  heat  when  diluted. 

The  choice  between  hydrochloric  acid  and  acid  made  from  phos- 
phorus is  greatly  in  favor  of  the  former  because  of  the  high  cost  of 
the  latter,  {lecently,  however,  phosphoric  acid  made  from  bone  ash 
or  bone  black  has  been  put  on  the  market  in  this  country,  containing 
about  45  per  cent  free  phosphoric  acid  and  less  ^an  1  per  cent  each 
of  hydrochloric  acid,  sulphuric  acid,  and  phosphates  of  iron  and 
alumina,  this  product  being  offered  at  6  cents  a  poimd  in  paraffined 
barrels.  The  price  of  this  acid  is  very  nearly  the  same  as  that  of  chem- 
icaUy  pure  hydrochloric  acid  for  equal  neutralizing  power. 

Chemically  pure  hydrochloric  acid  is  and  has  been  for  years  a  stand- 
ard article  of  manufacture,  whose  purity  is  tested  daily  by  use  in 
hundreds  of  laboratories.  On  the  other  hand,  the  manufacture  of 
phosphoric  acid  from  bone  ash  in  a  form  free  from  objectionable 
impurities  has  been  accomplished  only  very  recently. 

A  number  of  cheeses  were  made  with  phosphoric  acid,  but  these 
showed  no  advantage  over  those  made  with  hydrochloric  acid ;  indeed 
they  seemed  to  have  a  slight  pecidiarity  of  flavor,  as  a  rule,  after  curing. 
Most  of  the  cheeses  made  from  pasteurized  milk  have  so  far  been  made 
with  hydrochloric  acid,  and  the  use  of  this  acid  is  described  and  recom- 
mended in  the  present  bulletin. 

The  selection  of  hydrochloric  acid  was  made  because  it  is  cheap 
and  more  easily  obtained  than  any  other  chemically  pure  acid,  and 
being  a  natural  constituent  of  gastric  juice  in  the  human  stomach,  no 
objection  could  be  raised  on  sanitary  or  other  grounds  against  its  use 
in  this  process. 

THE   PROPORTION   OF  HYDROCHLORIC   ACID  REQUIRED    DAILY. 

It  is  necessary  to  determine  first  what  the  acidity  of  each  vat  of 
the  mixed  milk  is,  in  order  after  pasteurizing  to  add  the  requisite 
quantity  of  hydrochloric  acid  to  bring  the  acidity  up  to  0.25  per  cent. 
Where  only  one  vat  of  milk  is  to  be  pasteurized  and  only  one  workman 
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is  employed  it  is  probably  better  to  weigh  in  all  the  milk  then  stir  the 
vat  well  and  take  out  a  half  cupful  of  milk  for  the  acid  test. 

Where  two  men  are  employed  and  it  is  desired  to  start  the 
pasteurizer  running  as  early  as  possible  (before  the  receiving  vat  is 
full),  the  intake  man  should  take  from  each  weigh  can  of  milk  a 
sampling  tube  full,  mixing  these  samples  in  a  pint  jar.  The  acidity  of 
this  mixed  sample  will  then  be  the  same  as  the  average  acidity  of  all 
the  milk  run  iQto  the  vat.  As  soon  as  one  vat  full  of  milk  (say  5,000 
pounds)  has  been  run  from  the  weigh  can  into  the  receiving  vat,  the 
pint  jar  containing  the  sample  for  the  acid  test  is  handed  from  the 
intake  to  the  man  running  the  pasteurizer,  together  with  the  total 
weight  of  milk  run  into  that  vat.  The  pasteurizer  was  started  when 
perhaps  only  half  of  this  milk  had  been  received,  but  the  receiving 
vat  is  still  about  half  full,  and  after  making  the  acid  test  on  the  sample 
the  operator  can  tell  exactly  how  much  more  hydrochloric  acid  must 
be  added,  while  pasteurizing  the  remaining  milk  in  order  to  bring  the 
acidity  of  the  whole  vat  up  to  the  right  point,  or  0.25  per  cent. 

TESTING  MILK  FOB  ACIDrrT. 

In  determining  the  acidity  of  milk,  measure  a  17.6  cubic  centimeter 
pipette  full  of  milk  sample  into  a  white  china  cup,  which  should  be 
shallow  and  wide  rather  than  narrow  and  deep.  Add  two  drops  of 
phenolphthalein  indicator  and  while  shaking  or  stirring  the  milk  in 
the  cup  run  in  tenth-normal  alkali  (Manns's  solution)  from  a  burette, 
rapidly  at  first,  and  later  by  single  drops,  until  the  faint  pink  color  pro- 
duced by  the  last  drop  does  not  disappear  on  thorough  mixing.  The 
volume  of  tenth-normal  alkali  used  is  read  from  the  burette,  and  this 
volume  divided  by  20,  which  can  be  done  mentally,  gives  the  exact 
acidity  of  the  milk  in  per  cent  of  lactic  acid  by  weight.  For  example, 
if  the  volume  of  alkali  solution  used  was  3.2  cubic  centimeters  the 
acidity  is  3.2  divided  by  20,  which  equals  0.16  per  cent.  Subtracting 
the  acidity  of  the  raw  milk  from  0.25  per  cent  shows  how  much  the 
acidity  of  the  milk  is  to  be  raised  with  hydrochloric  acid  after  pas- 
teurizing. For  example  subtracting  0.16  per  cent  from  0.25  per  cent 
leaves  0.09  per  cent,  which  shows  that  the  acidity  is  to  be  increased 
0.09  per  cent  with  hydrochloric  acid. 

The  outfit  needed  for  testing  milk  is  shown  in  Plate  I.    It  consists  of : 

1.  A  burette  with  rubber  tip  and  pinchcock;  capacity  25  c.  c,  with 
^  c.  c.  graduations. 

2.  A  17.6  c.  c.  pipette  as  used  for  the  Babcock  test. 

3.  A  white  china  teacup,  which  is  best  if  shallow  and  wide  and  with 
flat  bottom. 

4.  A  support  for  the  burette,  which  may  be  an  iron  stand  and  clamp, 
or  a  wooden  strip  with  a  hole  in  it,  fastened  to  a  window  casing,  as 
shown  at  the  left  in  Plate  I. 
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5.  A  rubber-stoppered  bottle  of  Manns's  solution  (tenth-normal 
alkali)  which  may  be  purchased  at  $1  per  gallon  of  dealers  in  dairy 
supplies,  or  may  be  made  by  diluting  the  normal  alkali  solution, 
which  must  be  purchased  as  it  is  required  in  this  process  as  described 
on  page  36. 

6.  A  2-ounce  or  4-ounce  bottle  of  phenolphthalein  indicator  solu- 
tion. 

7.  The  additional  outfit  required  for  use  in  this  process  of  cheese- 
making  is  also  shown  in  the  figure.  It  consists  of  1  gallon  of  normal 
alkali  (ten  times  as  strong  as  Manns's  neutralizer),  a  50  cubic  centi- 
meter measuring  flask;  a  500  cubic  centimeter  measuring  cylinder,  and 
a  2  cubic  centimeter  pipette,  which  should  be  accurately  made.  A 
gallon  of  normal  caustic  alkali  contains  about  5  ounces  of  caustic 
soda,  worth  about  15  cents,  and  should  cost  the  cheese  maker  no  more 
than  a  gallon  of  tenth-normal  solution — that  is,  about  $1. 

PRESERVING  THE  TENTH-NORMAL   SOLXmON. 

Instead  of  using  the  large  bottle  of  tenth-normal  solution  to  fill  the 
burette  with,  it  is  much  better  to  get  a  smaller  bottle,  holding  6  or 
8  ounces,  also  provided  with  a  rubber  stopper,  and  to  fill  this 
smaller  bottle  occasionally  from  the  larger  bottle,  which  is  then  put 
away,  tightly  stoppered,  in  a  safe  place.  The  small  bottle  is  kept 
near  the  burette  and  used  daily  in  filling  it,  and  the  large  bottle  is 
thus  protected  from  unnecessary  exposure,  loss  of  strength,  and  from 
danger  of  spilling.  The  use  of  two  bottles  in  this  manner  has  proven 
most  satisfactory  in  this  laboratory  and  dairy  school  during  the  past 
four  years.  It  is  recommended  ^  as  a  means  of  avoiding  loss  of 
strength  through  exposure  to  the  air,  which  has  heretofore  been  the 
greatest  difficulty  to  overcome  in  the  use  of  Manns's  test  in  the  cheese 
factory. 

DILUTING   NORMAL  ALKALI   TO   TENTH-NORMAL. 

One  may  prepare  tenth-normal  alkali  by  diluting  the  normal  alkali 
as  follows:  Pour  into  a  500  cubic  centimeter  graduated  cylinder 
exactly  50  cubic  centimeters  of  the  normal  solution  measured  in  the 
50  cubic  centimeter  flask.  Add  at  once  450  cubic  centimeters  of  pure 
water,  either  rain  water  or  condensed  steam.  Pour  the  mixture  into 
a  clean  glass  bottle,  mix  by  shaking,  and  keep  stoppered  with  a 
rubber  stopper  to  avoid  loss  of  strength  by  exposure  to  air.  If  the 
mixture  is  muddy  or  turbid,  the  water  used  in  diluting  was  not  pure. 
A  slight  turbidity  may  be  neglected. 

1  Sammis,  J.  L.    The  praservation  of  Mann's  alkalJne  solution  In  cheese  fMStories.    Hoard's  Dairyman^ 
▼ol.  40,  No.  41,  p.  1200.    Fort  Atkinson,  Wis.,  Nov.  12, 1900. 
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ADDING  ACID  TO   MILE  AFTER   PASTEURIZATION. 

For  this  purpose  the  acid  of  normal  strength  is  placed  in  an  acid- 
proof  container  on  a  shelf  near  the  outlet  of  the  cooler.  A  glass  bottle 
or  a  parafl^ed  wooden  cask  can  be  used,  as  shown  in  Plate  III.  The 
container  has  a  small  opening  on  one  side  near  the  bottom,  through 
which  the  acid  is  drawn  by  a  rubber  tube  of  one-eighth  or  one-quarter 
inch  internal  diameter  closed  by  a  screw  pinchcock.  On  the  outside 
wall  of  the  container,  beginning  at  the  top,  a  scale  is  engraved  or 
otherwise  permanently  attached,  with  graduations  showing  pounds, 
halves,  and  quarters  of  acid  delivered.  If  the  container  is  opaque,  a 
glass  level-tube  placed  outside  near  the  scale  shows  the  acid  level 
within  at  any  time.  The  capacity  of  the  acid  container  should  be 
about  10  gallons  for  use  with  a  7,000-pound  vat  of  milk.  In  addition, 
a  two-quart  tin  pan  is  connected  by  means  of  a  short  piece  of  con- 
ductor to  the  cooler  outlet.  The  milk  from  the  cooler  and  acid  from 
the  container  are  thoroughly  mixed  in  the  conductor  and  mixing 
pan,  from  which  the  acidulated  milk  overflows  and  runs  into  the 
cheese  vat. 

In  order  to  avoid  coagulation  of  milk  with  acid,  the  acid  is  added 
from  a  jet  so  as  to  strike  the  cooled  milk  while  the  latter  in  a  thin 
stream  is  moving  rapidly  down  the  short,  steeply  inclined  piece  of 
open-conductor  pipe.  The  mixture  then  enters  the  mixing  pan  and 
its  direction  is  abruptly  changed  twice,  thus  securing  thorough 
mixing  of  milk  and  acid  before  it  flows  over  the  edge  of  the  pan  into 
the  cheese  vat. 

In  using  this  acidulator  there  is  never  any  danger  of  coagulation  if 
the  operator  remembers  always  to  shut  off  the  acid  before  the  milk 
flow  stops.  It  has  been  repeatedly  shown  that  2  pounds  of  acid, 
or  twice  as  much  as  commonly  required,  can  be  safely  added  in  this 
manner  to  100  pounds  of  milk  at  60®  to  80°  F.  without  causing  coagula- 
tion. If  any  small  particles  of  curd  are  formed,  they  rise  to  the 
surface  of  the  milk  when  quiet  in  the  vat  and  can  be  plainly  seen. 
They  can  then  be  taken  up  with  a  hair  sieve  and  rubbed  through  the 
sieve  into  the  milk  without  causing  loss  of  yield.  In  practice,  the 
acidity  of  the  vat  of  milk,  when  aU  in  and  stirred,  always  comes 
between  0.24  and  0.26  when  attempting  to  make  it  0.25  per  cent, 
and  this  degree  of  accuracy  is  entirely  satisfactory. 

CALCULATING  THE   AMOUNT   OP   ACID  TO   BE    ADDED. 

To  calculate  how  many  pounds  of  normal  hydrochloric  acid  are 
required  by  any  vat  of  milk  after  pasteurizing,  it  should  be  remem- 
bered that  1  pound  of  the  acid  added  to  100  pounds  of  milk  will  raise 
its  acidity  just  nine  hundredths  (0.09)  per  cent.    From  this  it  is  easy 
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to  see  that  for  2,500  pounds  of  milk,  of  0.16  percent  acidity,  just  25 
pounds  of  normal  strength  acid  will  be  required,  and  for  3,050  pounds 
of  milk  30.5  pounds  of  acid  will  be  needed,  etc.  If  the  milk  showed 
an  acidity  of  0.21  per  cent  when  raw,  then  subtract  0.21  from  0.25, 
which  leaves  0.04  per  cent.  In  this  case,  since  the  milk  is  riper  to 
start  with,  less  acid  will  need  to  be  added;  only  four-ninths  of  a  pound 
of  acid  for  each  100  pounds  of  milk  will  be  necessary  to  bring  the  acid- 
ity up  from  0.21  to  0.25  per  cent.    In  any  case  the  weight  in  pounds 

0.25  -  acidity  of  raw  milk     weight  of  milk, 


100 


of  acid  required  is  equal  to  — '(\q — ' ^ 

or  0.25  —  acidity  of  raw  milk  X  —      qo Stated  in  words  the 

rule  is,  divide  the  weight  of  milk  by  9  and  multiply  by  0.25  minus 
the  acidity  of  the  raw  milk. 

The  following  table  shows  the  amount,  in  pounds,  of  normal  acid 
required  to  be  added  for  each  100  pounds  of  milk  when  the  acidity 
of  the  latter  before  pasteurizing  is  0.15,  and  for  each  one-hundredth 
increase  up  to  0.27: 

Tablb  14. — Weight  of  normal  acid  required  to  be  added  for  each  100  poundt  of  milk. 
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.77 

.26 

.19 

.66 

.25 

.30 

.56 

.25 

.21 

.44 

.25 

.22 

.33 

.25 

.23 

.22 

.25 

.24 

.11 

.25 

.26 

.11 

.26 

.26 

.11 

.27 

.27 

.11 

.28 

Where  milk  appears  to  be  of,  say,  0.175  per  cent  acidity  when 
received,  it  is  treated  as  if  it  were  at  0.17  percent,  dropping  the  0.005 
out  of  the  calculation. 

The  following  table,  conveniently  posted,  may  aid  in  calculating 
the  weight  of  acid  required  for  any  weight  of  milk  at  any  acidity: 
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Table  15. — Weight  of  normal  hydrochloric  add  required  for  stated  qaantUiea  of  milk  at 

slated  acidities. 


Hydrochloric  acid  required  when  acidity  is- 

— 

Weicbt 
of  milk. 

0.27  to 
0.24. 

0.23. 

0.22. 

0.21. 

0.20. 

0.19. 

0.18. 

0.17. 

0.16. 

0.15. 

0.14. 

Lb», 

Lht. 

Lb». 

Lb9. 

Lb9. 

U9. 

Lb». 

Lb8. 

Lbs. 

Lb9. 

UbB. 

Lbs, 

10,000 

11. 1 

22.2 

33.3 

44.4 

55.5 

66.6 

TJ.l 

88.8 

100.0 

lll.l 

122.0 

9,000 

10.0 

20.0 

30.0 

40.0 

60.0 

60.0 

70.0 

80.0 

90.0 

100.0 

110.0 

8,000 

8.9 

17.8 

26.7 

36.6 

44.4 

63.3 

62.2 

71.1 

80.0 

88.9 

97.8 

7,000 

7.8 

15.6 

23.3 

31.1 

38.9 

46.7 

64.4 

62.2 

70.0 

77.8 

85.6 

6,000 

6.7 

13.3 

20.0 

26.7 

33.3 

40.0 

46.7 

53.3 

60.0 

66.7 

73.3 

6,000 

5.6 

11.1 

16.7 

22.2 

27.8 

33.3 

38.9 

44.4 

50.0 

56.6 

61.1 

4,000 

4.4 

8.9 

13.3 

17.8 

22.2 

26.7 

31.1 

35.6 

40.0 

44.4 

48.9 

3,000 

3.3 

6.7 

10.0 

13.3 

16.7 

20.0 

23.3 

26.6 

30.0 

33.3 

36.7 

2,000 

2.2 

4.4 

6.7 

8.9 

11.0 

13.3 

15.6 

17.8 

20.0 

22.2 

24.4 

1,000 

1.1 

2.2 

3.3 

4.4 

5.6 

6.7 

7.8 

8.9 

10.0 

11.1 

12.2 

900 

1.0 

2.0 

3.0 

4.0 

6.0 

6.0 

7.0 

8.0 

9.0 

10.0 

11.0 

800 

.9 

1.8 

2.7 

3.6 

4.4 

6.3 

6.2 

7.1 

8.0 

8.9 

9.8 

700 

.8 

1.6 

2.3 

3.1 

3.9 

4.7 

6.4 

6.2 

7.0 

7.8 

8.6 

600 

.7 

1.3 

2.0 

2.7 

3.3 

4.0 

4.7 

5.3 

6.0 

6.7 

7.3 

600 

.6 

1.1 

1.7 

2.2 

2.8 

3.3 

3.9 

4.4 

5.0 

6.6 

6.1 

400 

.5 

.9 

1.3 

1.8 

2.2 

2.7 

3.1 

3.6 

4.0 

4.4 

4.9 

300 

.4 

.7 

1.0 

1.3 

1.7 

2.0 

2.3 

2.7 

3.0 

3.3 

3.7 

200 

.2 

.4 

.7 

.9 

1.1 

1.3 

1.6 

1.8 

2.0 

2.2 

2.4 

100 

.1 

.2 

.3 

.4 

.6 

.7 

.8 

.9 

1.0 

1.1 

1.2 

76 

.08 

.17 

.25 

.34 

.42 

.50 

.60 

.67 

.75 

.83 

.92 

50 

.06 

.11 

.17 

.22 

.28 

.33 

.39 

.44 

.50 

.56 

.61 

26 

.03 

.06 

.09 

.11 

.14 

.16 

.19 

.22 

.25 

.28 

.31 

To  find  how  much  normal  hydrochloric  acid  will  be  needed  to 
raise  6,754  pounds,  for  example,  of  milk  of  0.17  per  cent  acidity  to 
0.25  per  cent  acidity,  take  from  the  table  the  figure  given  under  0.17, 
opposite  6,000,  which  is  53.3;  add  to  this  the  figure  opposite  700, 
which  is  6.2;  then  add  the  figure  opposite  50,  which  is  0.44;  the  total 
gives  the  number  of  poimds  of  acid  required,  namely,  59.9  pounds. 

PEEPABATION  OF   NORMAL   HYDROCHLORIC    ACID   IN   THE   CHEESE 

FACTORY. 

Chemically  pure  hydrochloric-acid  solution,  as  purchased  in  carboys 
containing  about  120  pounds  each,  contains  about  40  per  cent  by 
weight  of  hydrochloric  acid  and  GO  per  cent  of  water,  and  costs  about 
7  cents  a  pound.  Its  strength  varies  somewhat,  and  it  must  be 
diluted  with  water  before  it  can  be  added  to  milk  in  this  process. 
The  preparation  of  normal-strength  acid  used  in  cheesemaking  is 
carried  on  at  the  cheese  factory  in  two  steps,  as  follows: 

First  step, — Remove  the  wooden  cap  from  the  top  of  a  fresh  carboy 
of  acid  and  loosen  the  glass  plug  in  the  neck  by  tapping  it  on  different 
sides  very  gently  with  a  piece  of  wood  (not  metal)  until  it  can  be 
drawn  out  readily  with  the  hand.  Set  an  empty  carboy  alongside  the 
newly  opened  carboy.  Fill  both  limbs  of  a  glass  siphon  with  water, 
removing  all  air  bubbles,  and  insert  the  two  limbs  into  the  carboys  at 
once,  as  shown  in  Plate  IV.  When  the  siphon  is  in  place,  as  shown  in 
the  lower  figure,  the  acid  will  flow  from  the  full  carboy  into  the  other 
until  in  about  half  an  hour  each  is  practically  half  full.     Now  fill  up 
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each  carboy  nearly  to  the  neck  with  water,  leaving  space  enough 
beneath  the  neck  to  permit  mixing  the  contents  readily  by  shaking. 
Tip  each  carboy  up  on  one  edge  and  rock  vigorously  for  about  five 
minutes  with  the  stopper  out  to  induce  thorough  mixing.  The  liquid 
gets  slightly  warmer  on  mixing,  and  it  is  stoppered  and  left  to  stand 
overnight  to  cool  and  is  then  called  ** dilute''  acid. 

To  determine  how  much  further  each  carboy  of  dilute  acid  requires 
to  be  diluted  with  water  to  make  it  exactly  '* normal"  in  strength,  set 
up  the  burette  used  in  Manns's  test,  but  fill  it  with  normal  alkali  solu- 
tion, which  is  10  times  as  strong  as  that  used  in  testing  milk.  Using 
a  2  cubic  centimeter  pipette,  transfer  exactly  2  cubic  centimeters  of 
the  dilute  acid  from  the  carboy  to  the  porcelain  cup  containing  a  little 
pure  water,  letting  the  pipette  drain  into  the  cup  half  a  minute  by  the 
watch  and  blowing  out  the  last  drop  of  acid  from  the  tip  into  the  cup. 
Now  add  one  or  two  drops  of  indicator  and  after  reading  the  level  of 
alkali  in  the  burette,  draw  out  the  alkali  from  the  burette,  precisely  as 
in  testing  milk,  rapidly  at  first,  later  by  single  drops  while  shaking 
the  cup  in  a  circle  until  the  last  drop  added  produces  a  distihctly  pink 
color  which  remains  throughout  the  entire  liquid  after  thorough  mix- 
ing. Read  and  record  the  volume  of  alkali  solution  used.  Rinse  out 
the  cup,  fill  up  the  burette,  shako  up  the  acid  in  the  carboy  for  a 
minute  and  test  another  2  cubic  centimeters  of  the  acid  for  the  sake 
of  accuracy. 

If  the  contents  of  the  carboy  were  thoroughly  mixed  at  first,  the 
two  titrations  will  agree  closely,  not  differing  by  more  than  0.20  cubic 
centimeter.  If  they  do  not  agree,  the  carboy  contents  were  probably 
not  well  mixed  at  first,  and  should  be  given  another  very  thorough 
shaking  for  five  minutes,  after  which  the  titrations  are  repeated. 
Once  thoroughly  mixed  the  acid  and  water  remain  mixed,  and  never 
need  to  be  shaken  again. 

Suppose  that  in  the  two  tests  the  2  cubic  centimeters  of  acid 
required  11  and  11.2  cubic  centimeters  of  normal  alkali  to  produce 
the  pink  color,  the  average  being  11.1  cubic  centimeters.  Divide  the 
volume  of  alkali  by  2 — the  volume  of  acid  used— -which  gives  in  this 

case  —^  =  5.55.     This  means  that  the  acid  is  5.55  times  as  strong 

as  it  should  be  for  normal  acid,  and  that  it  must  be  diluted  to  5.55 
times  its  volume  with  water  to  make  it  exactly  normal  in  strength. 

The  work  described  above  is  performed  once  on  each  carboy  of 
dilute  acid  before  using  it  for  cheesemaking,  and  the  object  is  to  get 
the  figure  (5.55  in  this  case)  which  shows  how  much  too  strong  the 
acid  is,  and  how  much  it  must  be  diluted  to  make  it  normal  in 
strength. 

Second  step. — ^The  second  step  consists  in  diluting  up,  each  day,  as 
much  of  the  acid  as  will  be  needed  for  the  milk  on  that  day.    This 
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is  performed  as  follows:    Having  determined  that  the  dilute  acid  is 

5.55  times  stronger  than  normal^  the  acid  is  further  diluted  for  use 

each  day,  adding  1  volume  of  acid  to  4.55  volumes  of  water,  thus 

making  the  total  volume  5.55  times  as  great  as  the  acid  used. 

To  do  this,  measure  out  any  convenient  volume  (say  500  cubic 

centimeters  for  about, 2,500  pounds  of  milk)  of  the  acid  in  a  glass 

cylinder  and  add  it  to  4.55  times  its  volume  of  water  (in  this  case 

500X4.55  =  2,275  cubic  centimeters  water).    The  acid  should  always 

be  measured,  but  if  more  convenient  the  water  can  be  weighed  in 

pounds  if  it  is  remembered  that  453  cubic  centimeters  of  water  weigh 

2  275 
1  pound.     In  this  case    *  ^  =5.02  pounds  of  water  needed. 

The  acid  and  water  can  be  mixed  in  the  acidulator  or  in  a  wooden 
pail,  or  in  a  bright  tin  pail,  if  the  water  is  put  in  first  and  the  acid 
added  later.  After  the  proper  amounts  of  acid  and  water  have  been 
poured  into  the  acidulator,  they  should  be  thoroughly  mixed  at  once 
by  stirring  with  a  w^ooden  paddle,  and  once  thoroughly  mixed  the 
normal  acid  is  always  ready  for  use.  Of  course  the  acid  should  not 
be  handled  in  galvanized  iron  or  aluminum  vessels,  as  it  will  rust 
them.  The  undiluted  acid  will  also  discolor  tinware  and  should  be 
measured  in  the  glass  cylinder,  as  directed.  The  ''dilute"  acid  is 
drawn  from  the  carboy  into  a  gallon  glass  bottle  through  a  glass 
siphon,  which  is  first  filled  with  water.  The  water  used  in  the  siphon 
is  so  small  in  volume — about  1  per  cent  of  a  gallon — that  it  does  not 
noticeably  affect  the  strength  of  the  acid. 

There  is  nothing  difficult  about  the  preparation  of  normal-strength 
hydrochloric  acid  for  use  in  cheese  making,  and  anyone  who  knows 
how  to  titrate  milk  for  acidity  can  learn  to  do  this  also.  To  test  the  cor- 
rectness of  the  work  when  completed,  transfer  two  cubic  centimeters 
of  the  acid  with  a  pipette  from  the  acidulator  to  the  porcelain  cup, 
and  titrate  it  with  the  normal  alkali  in  the  burette.  The  volume  of 
alkali  required  should  be  between  1.9  cubic  centimeters  and  2.1  cubic 
centimeters,  or,  better,  exactly  equal  to  the  volume  of  acid  used. 

The  degree  of  accuracy  required  in  this  whole  process  is  very  easily 
attained,  as  quite  satisfactory  results  will  be  obtained  in  acidulating 
milk  if  the  normal  acid  used  is  anywhere  between  0.95  and  1.05  normal. 

GENERAL   DIRECTIONS    FOR    PASTEURIZING    AND    ACIDULATING 

MILK. 

The  method  described  is  well  adapted  for  use  in  a  large  factory. 
At  a  factory  handling  two  to  three  large  vats  of  milk  daily  two  men 
should  be  employed.  The  inspection  and  weighing  of  milk  at  the 
intake  is  performed  by  one  man  while  the  other  makes  the  determi- 
tions  of  acidity  and  runs  the  pasteurizer.  After  the  milk  is  all  in 
and  pasteurized  the  two  men  work  together,  heating  up  the  vats, 
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adding  the  starter,  color,  and  rennet  to  the  vats  at  least  10  or  15  min- 
utes apart.  They  cut  the  curds  in  the  same  order,  each  25  minutes 
after  the  rennet  has  been  added,  and  start  the  agitators  in  each  curd 
as  soon  as  cut.  The  vats  are  heated  up  and  the  whey  is  drawn  from 
the  vats  in  the  same  order,  both  men  working  together  in  putting 
the  curds  on  the  rack,  finishing  each  vat  of  curd  in  time  to  handle 
the  next. 

If  more  than  three  vats  are  handled  in  one  factory,  additional  help 
will  be  needed,  especially  for  bandf^ing  hoops,  turning  cheese,  and 
other  labor. 

Where  only  one  vat  of  milk  is  handled  daily,  the  milk  is  run  first 
into  the  receiving  vat,  from  which  it  flows  into  the  pasteurizer, 
through  the  cooler,  and  into  the  cheese  vat.  If  two  vats  of  milk  are 
handled  daily,  the  first  milk  received  may  be  run  into  one  cheese  vat, 
from  which  it  is  pasteurized  into  the  other  cheese  vat,  while  the  milk 
received  later  is  run  into  the  steel  receiving  vat,  from  which  it  is 
pasteurized  into  the  second  cheese  vat. 

If  three  or  more  vats  of  milk  are  handled  daily,  the  receiving  vat 
and  the  first  cheese  vat  are  filled  alternately  with  milk  from  the  in- 
take, and  alternately  emptied  through  the  pasteurizer  into  the  other 
cheese  vats.  It  is  only  necessary  to  see  to  it  that  the  last  vat  filled 
from  the  intake  shall  be  the  receiving  vat  in  order  that  this  last  milk 
may  be  run  into  onq  of  the  cheese  vats  after  pasteurization.  One  re- 
ceiving vat  is  needed  in  addition  to  the  necessary  cheese  vats  wherever 
this  process  is  used. 

MAKING   READY  TO   PASTEURIZE. 

Since  pasteurization  is  essentially  a  cleaning  process,  care  should 
be  taken  to  keep  the  make  room,  the  vats,  machuiery,  etc.,  and  every- 
thing with  which  the  pasteurized  milk  comes  in  contact  as  clean  as 
possible. 

Although  milk  flows  intermittently  from  the  weigh  cans,  it  is  de- 
sirable that  the  pasteurizer,  once  started,  shall  run  continuously,  with 
a  steady  milk  supply,  and  for  this  purpose  a  receiving  vat  is  pro- 
vided. The  milk  should  be  run  into  the  receiving  vat  through  a 
strainer  which  will  remove  all  flies,  straw,  etc.,  and  which  can  not 
by  accident  fail  to  work  properly.  Such  a  strainer  is  shown  in  Plate 
V.  It  is  set  up  by  slipping  a  piece  of  seamless  cheese  bandage  over 
the  wooden  frame  of  the  vat  strainer  and  placing  the  metal  part  on 
top.  The  metal  part  collects  all  large  pieces  of  dirt  and  prevents  the 
milk  from  splashing  over  the  side.  The  two  thicknesses  of  cheese- 
cloth effectually  remove  finer  particles  of  dirt.  This  arrangement 
has  been  used  in  this  series  of  experiments  for  about  two  years  and  is 
heartily  recommended.     Of  course  the  cloth  should  be  scalded  daily. 
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The  weigh  can,  conductors;  receiving  vat,  and  pasteurizer  should 
be  washed  daily,  immediately  after  use,  and  again  rinsed  with  clear 
hot  water  before  use,  if  necessary.  The  pasteurizer  and  cooler  and  the 
connecting  pipes  should  be  washed  thoroughly  daily.  Just  before 
starting  the  pasteurizer  each  morning  the  operator  should  rinse  out 
the  cheese  vat  and  steam  it  by  running  steam  into  the  jacket.  The 
pasteurizer  and  delivery  pipes,  especially  those  parts  which  are  in 
contact  with  the  cooled  pasteurized  milk,  should  be  also  scalded  or 
steamed.  This  can  be  done  by  running  a  couple  of  pails  of  hot  water 
into  the  heating  compartment,  heating  it  there  to  180**  or  higher, 
and  running  it  over  the  cooler  without  having  any  cold  water  inside 
the  cooler. 

Where  only  one  vat  of  milk  is  being  pasteurized,  the  acidulator  may 
be  set  on  the  edge  of  the  vat,  but  to  avoid  moving  it,  when  several 
vats  of  milk  are  handled  daily,  the  acidulator  should  be  set  near  the 
pasteurizer  and  the  acidulated  milk  run  into  the  different  vats 
through  a  movable  conductor,  as  shown  in  Plate  III. 

STABTINO  AND   STOPPING  THE   PASTEUBIZEB. 

When  milk  enough  has  been  received  to  insure  a  continuous  supply 
for  the  pasteurizer,  the  latter  may  be  started. 

First,  see  that  everything  is  in  place  and  that  the  pump  supplying 
water  for  cooling  is  running.  Set  the  pasteurizer  in  motion,  turn  on 
a  little  steam,  and  run  enough  milk  into  the  heating  compartment 
nearly  to  fill  it  so  as  to  register  its  temperature  on  the  naked  glass 
bulb  of  the  thermometer  placed  near  the  exit  to  the  cooler.  Do  not 
allow  any  milk  at  all  to  run  into  the  cooler.  If  any  does  by  accident, 
draw  it  out  and  scald  the  cooler  with  a  pail  of  hot  water. 

Open  the  steam  valve  to  the  full  running  capacity.  When  the 
thermometer  in  the  milk  registers  about  155°  start  the  milk  supply 
again  and  adjust  so  that  the  thermometer  stands  at  162°  at  the  exit 
from  the  heater.  Use  care  to  see  that  no  milk  at  all  is  allowed  to  run 
to  the  cooler  at  a  temperature  below  1 60°.  If  any  irregularity  occurs  in 
starting,  it  is  much  better  that  the  first  milk  should  be  heated  higher 
than  160°,  even  up  to  180°,  rather  than  that  any  portion  should  pass 
over  into  the  cheese  vat  without  reaching  1 60°.  It  will  do  no  harm  at 
all  if  for  a  few  minutes  at  first  milk  at  170°  or  180°  passes  over  into  the 
cooler,  because  this  milk  will  at  least  be  thoroughly  pasteurized,  but  if 
milk  at  140°,  or  any  temperature  below  160°,  passes  over  it  may  carry 
over  harmful  bacteria  which  may  injure  the  entire  vat  of  cheese.  A 
file  mark  on  the  steam-valve  handle  is  a  great  help  in  quickly  adjust- 
ing the  steam  supply  to  the  right  point. 

Once  adjusted,  and  with  steady  milk  and  steam  supply,  the  pasteur- 
izing temperature  remains  nearly  constant  and  requires  only  momen- 
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taiy  inspection  every  few  minutes.  No  doubt  an  automatic  tempera- 
ture-controlling device  could  be  used  to  advantage  here. 

Although  the  thermometer  now  supplied  with  some  forms  of 
pasteurizers  is  metal  jacketed  to  prevent  breakage,  yet  in  all  the 
experiments  here  reported  this  metal-cased  thermometer  was  found 
to  register  more  slowly  than  a  naked  glass-bulbed  thermometer,  set  in 
a  rubber  stopper.  The  latter  kind  has  been  in  use  two  years  without 
breaking  and  is  therefore  preferred. 

In  stopping  the  pasteurizer  for  any  reason,  the  operator  should 
remember  to  stop  the  acidulator  first,  then  the  milk  supply,  and  last 
of  all  the  steam.  If  the  stoppage  is  for  long,  as  at  the  end  of  the 
day's  run,  the  hot  milk  in  the  heating  compartment  is  drawn  out  in  a 
pail  (its  temperature  should  be  160°  or  above)  and  added  to  the  vat. 
The  milk  in  the  cooler  is  also  drained  and  rinsed,  if  desired,  into  the 
vat. 

The  water  supply  for  cooling  must  be  ample  so  that  a  thermometer 
placed  in  the  milk  flowing  from  the  cooler  is  not  above  85°  at  any 
time,  and  preferably  at  80°  or  lower,  since  the  milk  in  the  vat  can 
easily  be  heated  to  85°-86°  for  setting  with  rennet,  but  can  not  so 
well  be  set,  or  easily  cooled,  if  above  86°. 

STARTING   AND   STOPPING   THE   ACIDULATOR. 

As  soon  as  the  pasteurizer  has  been  started  and  regulated  the 
pinchcock  at  the  acidulator  is  opened,  allowing  one  or  more  small 
streams  of  hydrochloric  acid  to  run  into  the  milk.  The  height  of  the 
liquid  in  the  acidulator  should  be  marked  on  the  glass  scale  with  a 
pencil  or  string,  when  starting,  and  another  mark  placed  lower  down 
on  the  scale  to  show  how  much  acid  is  to  be  drawn  out  for  that  vat 
of  milk.  By  this  means  the  operator  can  see  from  any  part  of  tlie 
room  when  the  acidulator  is  ready  to  be  stopped.  Always  stop  the 
acidulator  before  stopping  the  milk. 

THE  USB  OF  BACTERIAL  STARTER  IN  THE  NEW  PROCESS. 

THE    REASON    FOR    ADDING    STARTER    IN    MAKING    PASTEURIZED-MILK 

CHEESE. 

The  addition  of  the  required  amount  of  hydrochloric  acid  to  milk 
raises  its  acidity  at  once  to  0.25  per  cent,  but  does  not  cause  any  fur- 
ther increase  of  acidity  at  any  time.  Of  the  acid  tkus  added,  only 
about  one-fortieth  reiiiains  in  the  curd,  the  rest  escaping  in  the  whey. 
No  chemical  method  has  been  found  for  increasing  the  acidity  of  a  curd 
on  the  rack,  so  that  if  acid  plays  any  important  part  in  the  cheese- 
curing  process,  it  will  be  necessary  to  add  bacteria  to  the  milk  in  order 
to  develop  the  necessary  acid  in  the  curd  and  cheese.     A  number  of 
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experiments  were  performed  in  which  the  milk  supply  was  divided 
and  made  up  in  different  vats,  using  different  proportions  of  starter. 
The  cheese  was  finally  scored  by  Mr.  J.  W.  Moore  with  the  following 
results: 

Table  16. — Quality  of  cheese  made  from  pasteurized  milk  with  varying  amounts  of  starter 

added. 


Date, 
made. 

Cheese 
No.i 

Propor- 

tiODOf 

starter. 

Tempera- 
ture of 

pasteuri- 
lation. 

Score. 

Flavor. 

Texture. 

1908. 
Aun.  17 

18 

19 

20 
21 

22 

31 

£ept     1 

2 

1078c 

1079 

1081 

1083 

1085c 

1087 

1889 

1091 

1093c 

1095 

1097 

1099 

1101c 

1103 

1105 

1109c 

1111 

1113 

1115 

11170 

1119 

1121 

1123 

1157c 

1150 

1161 

1163 

11650 

1167 

1160 

1170 

1173c 

1175 

1177 

1179 

1024 

Percent. 

•F. 

40.50 
40.50 
41.26 
42.50 
41.00 
41.76 
•     41.00 
40.25 
40.50 
41.25 
42.50 
42.76 
41.26 
42.50 
42.25 
40.76 
42.25 
42.50 
42.50 
39.50 
42.25 
41.76 
42.25 
41.00 
41.00 
42.50 
42.50 
39.00 
40.50 
42.00 
42.50 
40.00 
41.00 
41.00 
41.50 
Sour. 
Sour. 

27.00 
27.25 
27.25 
.  28.00 
27.25 
27.75 
27.25 
27.00 
27.00 
27.00 
27.76 
28.00 
27.00 
28.25 
27.75 
27.00 
27.25 
27.25 
27.76 
27.25 
27.00 
27.25 
27.00 
27.00 
27.00 
28.00 
28.00 
28.60 
26.00 
27.60 
28.00 
27.00 
26.00 
27.00 
27.00 

Color-cut. 

Color-cut 

0.25 
.50 
.76 

167 
167 
167 

.25 
.50 
.75 

167 
167 
167 

.26 
.50 
.76 

157 
167 
167 

.26 
.76 

167 
167 

.76 
1.00 
1.25 

157 
167 
167 

.75 
1.00 
1.25 

157 
167 
167 

None. 
.3 
.6 

162 
162 
162 

Noue. 
.3 
.6 

162 
162 
162 

None. 

.3 

.6 

3.0 

6.0 

162 
162 
162 

1  *<c"  in  this  column  indicates  raw-milk  cheese. 

These  scores  may  be  summarized  as  follows: 

Table  17. — Summary  of  scores  in  Table  16, 


Amount  of  starter. 

Number 

of  chw'ie^ 

scored. 

Average  scores. 

Flavor. 

Texture. 

Combined. 

Per  cent. 
0 
0.2r)to0.30 
.5    to    .6 
.75 
1.0 

1.25 

3 

7 
6 
6 
2 
2 

40.83 
41.64 
41.  S8 
42.04 
42.12 
42.37 

26.33 
27.53 
27.54 
27.50 
27.25 
27.37 

67.16 
f9.18 
C9;42 
09.64 
69.37 
69.75 
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These  scores  indicated  that  the  cheese  obtained  by  three-fourths, 
one,  or  one  and  a  quarter  per  cent  starter  are  about  equally  good, 
considering  both  flavor  and  texture,  and  the  use  of  three-fourths  per 
cent  starter  has  been  continued  since  August,  1908,  to  the  present 
time,  with  good  results.  The  starter  used  should  be  first  class  in 
quality,  just  beginning  to  thicken,  containing  the  maximum  number 
of  lactic  acid  bacteria  in  active  condition,  and  free  from  all  objection- 
able germs  or  flavors. 

Only  a  starter  above  criticism,  such  as  every  good  cheese  maker 
should  know  how  to  prepare,  can  be  used  with  pasteurized  milk.  If 
the  starter  is  at  all  tainted  it  is  sure  to  damage  the  flavor  of  the  cheese 
to  some  extent.  With  raw,  badly  tainted  milk,  especiaUy  in  warm 
weather,  a  starter  of  only  fair  quality  will  often  greatly  improve  the 
quaUty  of  a  vat  of  cheese,  but  piasteurized  milk  is  freed  from  practi- 
cally all  taints  by  the  pasteurization,  and  to  such  milk  only  the  best 
starter  can  safely  be  added. 

The  importance  of  a  good  starter  was  made  apparent  when,  begin- 
ning June  9,  1910,  nine  days'  make  of  pasteurized-milk  cheese  proved 
to  be  gassy  and  off  flavor,  and  bacteriological  examination  of  the 
starter  as  well  as  of  the  cheese  demonstrated  the  presence  of  the  same 
gas-forming  organism  in  both.  It  was  clear  that  the  organisms  in 
question  did  not  pass  through  the  pasteurizer,  since  their  thermal 
death-point  was  found  to  be  lower  than  the  pasteurization  tempera- 
ture (160°)  employed  in  the  process.  Therefore  there  could  be  no 
doubt  that  the  improper  preparation  of  milk  for  propagating 
''startoline''  was  the  cause  of  the  trouble  in  this  case. 

A   PRACmCAL   STERILIZER   FOR  THE   CHEESE   FACTORY. 

The  essential  equipment  for  propagating  a  starter  is  some  sort  of  a 
steriUzer,  an  incubator,  and  a  supply  of  a  dozen  pint  cream  bottles 
which  are  best  provided  with  fairly  tight  tin  covers  about  2  inches 
deep.  Various  different  steriUzers  have  been  recommended,  the  sim- 
plest being  an  inverted  tin  pail  covering  the  bottles  of  milk  on  the 
steam  table.  For  use  as  an  incubator,  a  small  covered  shotgun  can 
may  be  steamed  out  daily,  and  after  placing  the  bottles  therein  and 
adjusting  the  cover  it  may  be  carried  to  the  ice  box,  the  cellar,  a  hay 
cooker,  or  any  room  of  suitable  temperature.  Where  bottles  of 
starter  must  be  handled  and  carried  about  there  is  always  some 
danger  of  their  becoming  infected,  and  this  can  only  be  prevented  by 
intelligent  work  on  the  part  of  the  operator.  On  account  of  its  small 
size  a  culture  propagated  in  a  bottle  is  often  called  a  *'startoline," 
meaning  a  little  starter.  A  combined  sterilizer,  cooler,  and  incubator 
made  of  galvanized  h-on  has  been  devised,  and  used  in  our  work 
during  the  past  year  with  entire  satisfaction.     Its  use  saves  time  in 
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handling  and  reduces  the  danger  of  contamination  to  a  minimum. 
It  is  shown  in  figure  1 . 

The  apparatus  consists  of  a  galvanized-iron  container  with  cover, 
a  movable  false  bottom,  and  with  steam,  water,  and  drain  connections. 
Where  pint  bottles  are  used,  the  perforated  shelf  is  raised  and  set  on 
lugs  as  shown..  If  quart  bottles  are  used,  the  perforated  bottom  is 
lowered,  so  that  the  top  of  the  bottle  always  stands  at  the  top  of  the 
steriUzer. 


COVER 


FALSE  BOTTOn-v^^ROUNDCOg.^ 


!_ 


•94 


CAprow 

rWLK  eOTTLC 


CAPTOR 
WATER  BOTTLE 


3  NOrCHE5  i  ni 
Fio.  1.— Combined  steriUzer,  cooler,  and  incubator  for  cheese-factory  starter. 


PREPARATION  OF  THE  STARTER. 

The  bottles  having  been  cleaned  and  filled  nearly  full  with  the 
best  whole  milk  obtainable  are  each  covered  with  a  tin  cap  and  set  in 
the  SteriUzer,  together  with  one  bottle  of  water  carrying  the  ther- 
mometer. The  Ud  is  put  on  and  the  steam  turned  on  very  slowly  at 
first,  by  turning  handle  a.  After  the  thermometer  projecting  through 
the  small  hole  in  the  Ud  shows  that  the  contents  of  the  bottles  are 
heated  to  200°  or  above,  the  steam  is  left  running  for  three  quarters 
of  an  hour,  and  then  turned  off.  To  cool  the  bottles  of  steriUzed  milk 
open  valve  b  and  slowly  run  in  cold  water,  which  escapes  at  the 
overflow  c.     If  the  water  is  turned  on  by  mistake  faster  than  the 
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overflow  can  carry  it  off,  the  tin  caps  will  keep  it  from  entering  the 
bottles  of  milk.  When  the  thermometer  shows  that  the  bottle  con- 
tents are  cooled  to  about  70**  the  water  may  be  turned  nearly  or 
entirely  off.  The  bottle  of  *'startoline''  from  the  previous  day, 
which  has  not  yel  been  opened,  is  now  brought  in  and  a  portion, 
about  a  tablespoonful  by  guess,  is  poured  into  each  bottle  of  newly 
sterilized  milk  in  the  apparatus,  lifting  the  tin  caps  for  an  instant  for 
this  purpose.  The  room  should  be  free  from  drafts,  floating  dust, 
or  other  source  of  contamination,  and  the  transfer  should  be  made  as 
quickly  and  carefully  as  possible.  The  cap  is  then  replaced  and  the 
cover  put  on.  The  temperature  of  the  water  can  h^  kept  between 
60°  and  70°  for  a  few  hours,  and  in  the  evening,  in  summer,  if  the 
weather  is  very  warm,  a  piece  of  ice  can  be  added  to  the  water. 

This  daily  process  of  propagating  the  '^startohne"  was  performed 
in  the  cheese  factory  during  the  year  1911  by  Mr.  A.  T.  Bruhn,  with 
entire  success,  carrying  along  the  same  culture  of  bacteria  throughout 
the  year.  Each  day  after  inoculat'mg  the  fresh  bottles  of  milk,  the 
remainder  is  examined  by  pouring  out  a  Uttle  in  a  teaspoon  or  cup, 
to  be  tasted  and  smelled  to  see  that  it  is  in  good  condition;*  and  if  so, 
the  remainder  in  the  jar  is  used  in  making  up  starter  for  the  next 
day's  cheese  vat  in  the  following  manner: 

To  prepare  starter  from  this  '^startoline,'*  place  in  a  shotgun  can 
about  eight  or  nine  pounds  of  milk  for  each  thousand  received  daily, 
cover  up,  and  heat  in  a  tub  or  deep  pail  of  water  by  passing  steam 
until  the  water  is  boiling  and  a  thermometer  in  the  milk  reads  at  least 
180°.  Keep  it  at  this  temperature  for  three-quarters  of  an  hour  and 
then  cool  by  filling  the  tub  with  cold  water.  A  dash  stirrer  whose 
handle  is  slipped  through  the  smallest  possible  hole  cut  in  the  cover 
is  a  convenience  and  saves  opening  the  can  for  stirring.  When  thor- 
oughly cool — about  70 '^ — add  to  the  contents  of  the  can  the  remain- 
ing contents  of  the  *'startoline*'  jar,  as  stated  above.  Stir  this  well 
and  leave  for  five  or  six  hours  at  this  temperature,  after  which  it 
may  be  put  in  a  cooler  place  to  stand  overnight. 

The  general  principle  on  which  the  temperature  of  starters, 
etc.,  is  regulated  is  that  the  starter  should  ripen  only  fast  enough  so 
as  to  be  barely  thick,  or  just  getting  thick,  when  required  for  use 
next  day.  If  the  acidity  increases  too  rapidly  at  first,  the  bacteria 
are  kept  too  long  before  use  in  a  highly  acid  medium,  not  favorable 
to  their  growth,  and  in  general  this  is  to  be  avoided.  The  thickening 
of  the  milk  at  about  60°  or  70°  may  be  taken  as  an  indication  that 
the  acidity  is  in  the  neighborhood  of  six-tenths  per  cent,  which  is 
about  as  high  as  it  ought  to  go  for  this  purpose. 

To  control  the  temperature  for  ripening  is  not  so  Ukely  to  be 
troublesome  as  to  avoid  getting  dirt  and  foreign  bacteria  into  the 
"startoline"  or  starter  after  it  has  been  once  thoroughly  sterilized. 

1  To  test  further  the  quality  of  the  starter,  a  bottle  of  the  thickened  milk,  unshaken  and  unopened,  may 
be  set  away  in  a  warm  place  for  a  day  or  two,  to  see  if  gas  bubbles  or  unpleasant  flavors  develop. 
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Strictly  speaking  it  is  impossible  to  sterilize  milk  so  perfectly  as  to 
kill  all  spores  by  one  such  heating,  and  on  this  account  attention 
should  be  given  to  selecting  the  best  possible  milk  for  starter  making. 

At  the  beginning  of  the  season  a  small  bottle  of  bacterial  starter 
can  be  obtained  from  dealers  or  from  a  college  fit  agriculture. 

It  is  well  to  begin  propagating  the  starter  several  days  before 
cheese  making  is  to  begin,  and  also  to  carry  along  two  or  more  starters 
from  different  sources,  separately,  in  order  that  if  one  is  lost  or  found 
unsuitable  another  may  be  at  hand. 

METHOD   OF   MAKING   CHEESE  BY   THE   NEW   PROCESS. 
GENERAL  ARRANGEMENT  OF  SCHEDULE. 

In  making  cheese  by  the  new  method  the  cheese  maker  is  relieved 
of  a  great  deal  of  the  imcertainty  which  attends  cheese  making  by 
the  ordinary  methods.  Having  inspected  the  milk  at  the  intake  and 
rejected  any  that  is  curdled  or  otherwise  unfit  for  use,  he  determines 
by  means  of  Manns's  acid  test  the  acidity  of  the  entire  vatful  of 
mixed  milk.  This  may  be  anywhere  from  0.14  to  0.25  per  cent,  or 
even  a  Uttle  higher,  but  if  much  above  0.28  per  cent  the  milk  is  hkely 
to  curdle  and  clog  the  pasteurizer.  He  then  runs  the  milk  through 
the  pasteurizer  and  adds  to  the  cold  milk  as  it  flows  into  the  cheese 
vat  enough  dilute  hydrochloric  acid  to  raise  the  acidity  of  the  whole 
vat  to  just  0.25  per  cent  (calculated  as  lactic  acid).  Three-quarters 
per  cent  of  a  first-class  starter  is  added,  and  after  heating  to  85^  the 
color  and  rennet  are  stirred  in  immediately. 

The  rest  of  the  process  is  conducted  according  to  a  fixed  time 
schedule,  which  is  never  varied.  The  time  from  adding  rennet  to 
hooping  the  curd  is  always  exactly  five  hours  and  fifteen  minutes, 
and  the  intermediate  process  is  as  shown  in  Table  18.  This  is  carried 
on  every  day  in  the  season  without  exception. 

While  it  may  be  found  desirable  or  convenient  at  some  factories 
to  modify  somewhat  this  routine,  described  below,  yet  it  appears 
practically  certain  that  whatever  routine  of  operations  is  adopted 
at  any  factory,  it  can  be  followed  without  modification  throughout 
the  season. 

« 

Table  18. —  Time  schedule  for  making  cheese  by  the  new  method. 


Operation. 

Adding  rennet 

Catting  the  curd 

Beginning  to  heat 

Turning  off  steam 

Placing  rack  after  drawing  whey 

Milling  the  curd 

Salting  the  curd 

Hooping  the  curd 


Time  inter- 

val between 

operations. 

H. 

fit. 

0 

0 

0 

25 

0 

15 

0 

20 

1 

25 

1 

30 

1 

00 

0 

20 

Total  time 
after  add- 
ing rennet 


H,   tn. 
0       0 


0 
0 
0 
2 
3 
4 
6 


25 
40 
60 
25 
55 
55 
15 
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For  example^  if  the  rennet  were  added  to  the  milk  at  exactly  0 
o'clock  the  curd  would  be  ready  to  put  in  the  hoops  five  hours  and  fif- 
teen minutes  later,  i.  e.,  at  2.15  in  the  afternoon.  As  soon  as  the  rennet 
is  added  it  is  best  to  have  a  written  schedule  showing  the  time  when 
each  operation  should  be  performed.  Having  once  learned  how  to 
perform  each  operation  in  this  method  of  cheese  making  it  is  only 
necessary  to  do  everything  in  as  uniform  manner  as  possible  in  order 
to  get  satisfactory  results  daily  throughout  the  season.  There  is 
never  any  need  to  hurry  the  process  if  the  milk  was  overripe  at  the 
b^inning,  because  the  lactic-acid  bacteria  are  practically  all  killed 
by  the  pasteurization.  The  same  is  also  true  of  the  gas-forming 
bacteria,  so  there  is  no  time  lost  in  working  gas  out  of  the  curd. 
There  is  no  reason  for  waiting  to  ripen  the  milk  at  the  beginning  of 
the  process  before  adding  rennet. 

UNIFORM  PROPORTION  OF  COLOR  USED  IN  1911,  AND  RENNET  REQUIRED. 

Color. — Throughout  the  season  of  1911  two-tliirds  of  an  ounce  of  a 
standard  make  of  cheese  color  per  thousand  pounds  of  milk  was  used, 
giving  the  cheese  a  medium  shade  of  color.  These  cheeses  were 
shipped  into  a  number  of  different  cities  and  appeared  satisfactory 
to  dealers  in  all  parts  of  the  country,  except  in  Philadelphia,  Pa., 
and  Boston,  Mass.,  where  some  dealers  asked  for  white  and  others 
for  highly  colored  cheese,  as  is  shown  by  the  following  extracts  from 
letters.  Where  more  than  one  extract  appears  from  the  same  city 
they  are  from  diflFerent  dealers. 

Boston,  Mass Our  market  uses  white  cheese  exclusively. 

Boston,  Mass Use  both  white  and  colored. 

Boston,  Mass A  very  light  color  would  not  do  ior  this  market, 

Chicago,  111 No  comment  on  color. 

Fond  du  Lac,  *\Vi8 A  little  too  light  color. 

Geneva,  N.  Y No  comment  on  color. 

Marshfield,  Wis No  comment  on  color. 

Minneapolis,  Minn No  comment  on  color. 

New  York,  N.  Y Color  is  exactly  right. 

New  York,  N.  Y Should  be  a  trifle  higher  color. 

Philadelphia,  Pa Have  to  have  white  cheese  for  Philadelphia. 

Plymouth,  Wis No  comment  on  color. 

Sheboygan,  Wis A  good  commercial  color,  but  might  stand  a  trifle  more  color. 

Sheboygan,  Wis No  comment  on  color. 

St.  Louis,  Mo No  comment  on  color. 

Washington,  D.  C Most  of  our  customers  want  it  colored. 

Waterloo,  Wis No  comment  on  color. 

Rennet — The  same  proportion  of  rennet  is  always  used  in  this 
process,  because  the  milk  is  always  in  the  same  condition  as  to  acidity 
at  the  time  of  adding  rennet,  and  always  ripens  equally  fast  afterwards. 
Therefore,  having  once  selected  the  most  suitable  proportion  of 
rennet;  there  is  no  reason  for  changing  it.    The  use  of  2  ounces  of 


ADDING  STARTER,   COLOR,  AND  RENNET.  47 

Hansen's  or  Marschall's  rennet  per  thousand  pounds  of  milk  is  adopted 
as  the  best  practice,  since  this  quantity  produces  visible  coagulation 
in  7  minutes,  as  shown  in  Table  2,  and  the  curd  is  in  prime  condition 
for  cutting  in  25  minutes  after  adding  rennet.  If  the  rennet  extract 
is  weaker  than  it  should  be,  such  amounts  should  be  used  as  will 
cause  coagulation  in  the  time  stated. 

If  a  larger  proportion  of  rennet  than  2  ounces  per  thousand 
pounds  were  used,  there  would  hardly  be  time  for  the  milk  to  become 
quiet  before  visible  thickening  began,  and  the  curd  might  be  damaged 
and  broken  through  thickening  while  still  in  motion.  On  the  other 
hand,  over  two  years'  experience  with  the  method  has  shown  that 
there  is  no  need  for  using  a  smaller  proportion  of  rennet  than  2 
ounces.  Goed  cheese  can  be  made  with  1  ounce  of  rennet  per 
thousand  pounds  of  milk,  but  the  coagulation  of  the  milk  is  unnec- 
essarily slow. 

As  in  regular  cheese  making,  great  care  must  be  taken  not  to 
measure  or  dilute  rennet  extract  in  any  container  in  which  there  is 
present  the  least  trace  of  cheese  color,  because  the  cheese  color  is 
strongly  alkaline,  and  rennet  loses  its  coagulating  power  almost 
instantly  when  in  contact  with  alkalies. 

ADDING   STARTER,  COLOR,  AND   RENNET  TO  THE   MILK. 

The  temperature  of  aU  the  mixed  milk  after  pasteurizing  is  never 
above  85®  and  commonly  only  70®  to  80°.  The  acidity  may  be 
tested,  if  desired,  and  should  be  just  0.25  per  cent,  or  between  0.24 
and  0.26  per  cent.  Three-quarters  of  a  pound  of  starter  per  hun- 
dredweight of  milk  in  the  vat  is  added  immediately  through  a  hair 
sieve,  stirring  the  mUk.  The  rake  is  then  put  in  and  the  vat  stirred, 
while  heating  up  to  85°.  The  desired  amount  of  color  is  stirred  in, 
and  always,  without  exception,  the  rennet  is  stirred  in  last  of  all. 
The  rennet  extract  measured  out  for  5,000  pounds  of  milk  should  be 
diluted  in  a  pailful  of  water.  In  adding  rennet,  first  stir  the  milk 
across  the  vat  the  short  way,  going  rapidly  from  one  end  of  the  vat  to 
the  other.  With  the  largest-sized  vats,  two  men  with  rakes  may 
begin  at  the  middle  and  walk  toward  the  ends  while  stirring.  Then 
walk  back  along  the  vat,  adding  the  diluted  rennet  from  a  pail  to  the 
milk  which  is  still  in  vigorous  motion,  noting  on  the  clock  the  instant 
when  the  rennet  first  enters  the  milk.  Set  down  the  pail  and  again 
stir  the  milk  across  the  vat  the  short  way,  with  the  rake  or  rakes,  for 
exactly  one  minute,  in  which  time  tlie  operator  should  be  able  to 
walk  up  and  down  the  vat  three  or  four  times.  In  this  way  the 
smallest  as  well  as  the  largest  vats  of  milk  should  be  set.  Take  out 
the  rakes  promptly  one  minute  after  the  rennet  entered.  Cover  the 
vat  at  once,  and  leave  undisturbed.  No  top  stirring  is  necessary  or 
permssible,  as  the  milk  begins  to  thicken  almost  exactly  seven  min- 
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utes  after  adding  rennet,  before  there  is  any  visible  cream  rising. 
Follow  exactly  the  directions  as  to  temperature,  acidity,  and  propor- 
tion of  rennet  every  day  in  the  season. 

CUTTING,  STIRRINO,  AND  HEATING  THE   CURD. 

The  curd  formed  in  this  process  is  always  ready  to  cut  exactly  25 
minutes  after  the  rennet  entered  the  milk.  Therefore  as  soon  as  the 
rennet  has  been  added  it  is  best  for  the  operator  to  write  the  entire 
time  schedule,  as  shown  in  Table  18,  for  the  rest  of  the  day's  work 
on  a  paper,  or,  better,  on  a  blackboard,  which  can  be  seen  across  the 
room.  Some  operators  may  suppose  that  possibly  the  curd  might 
be  cut  a  little  earlier  or  later,  but  experience  has  shown  that  the  curd 
is  always  in  a  thoroughly  satisfactory  condition  for  cutting  just  25 
minutes  after  adding  rennet.  There  is  therefore  no  need  for  repeated 
testing  of  the  curd  with  the  finger;  it  is  only  necessary  to  keep  an 
eye  on  the  clock,  and  follow  the  time  schedule. 

In  cutting,  begin  with  the  horizontal  knife  and  cut  lengUiwise  of 
the  vat;  then  use  the  vertical  knife  across  the  vat,  cutting  alternately 
toward  and  away  from  the  operator.  Finally  cut  lengthwise,  with 
the  vertical  knife.  Do  not  cut  the  vat  more  than  once^H  each  direc- 
tion, and  try  to  do  the  cutting  in  exactly  the  same  manner  every  day. 
The  different  cuts  should  not  lap,  nor  should  portions  of  the  curd 
wider  than  tliree-eighths  of  an  inch  be  left  uncut  between  the  knives, 
except  in  the  following  case:  In  cutting  next  to  the  sides  of  the  vat, 
as  in  the  first  and  last  cuts  in  each  direction,  hold  the  knife  as  close 
to  the  metal  sides  of  the  vat  as  possible.  If  the  knife  does  not  appear 
wide  enough  to  cut  the  remaining  curd  at  the  last  stroke,  cut  dose  to 
the  tin  and  leave  a  narrow  strip  of  uncut  curd,  not  at  the  edge  of  the 
vat,  but  between  the  last  cut  and  the  next  to  the  last.  This  strip 
will  be  cut  more  thoroughly  by  the  knives  moving  in  other  directions 
than  if  it  had  been  left  next  the  tin.  Knives  with  blades  three-eightlis 
of  an  inch  apart  are  required  for  this  method. 

Immediately  after  cutting  put  the  agitator  blades  in  place  and 
start  them  in  motion.  The  curd  obtained  in  this  process  is  so  firm 
and  solid  that  this  can  always  be  done  safely.  Go  around  the  vat 
with  the  hand  some  time  during  the  next  15  minutes,  loosening  the 
curd  from  the  sides,  bottom,  and  comers  of  the  vat.  A  form  of  agi- 
tator which  is  very  satisfactory  has  one  pair  of  revolving  blades 
which  also  move  up  and  down  the  vat,  somewhat  resembling  the 
motion  of  the  rake. 

Exactly  15  minutes  after  cutting  turn  steam  into  the  jacket  of  the 
vat,  and  raise  the  temperature  gradually  during  the  next  20  minutes — 
just  19®  to  104® — which  temperature  is  maintained  until  the  whey 
is  drawn. 
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DRAWING   THE   WHEY,    MATTING,    CUTTING,    AND   TURNING   THE   CURD. 

The  agitator  is  left  running  until  about  two  minutes  before  the  whey 
is  to  be  drawn,  when  it  is  removed,  and  the  curd,  after  settling  a  few  sec- 
onds, is  pushed  slowly  away  from  the  gate  with  one  or  two  rakes.  The 
whey  strainer  is  placed  inside  the  vat  and  the  hair  sieve  below  the  gate 
in  the  conductor,  the  gate  being  opened  at  such  a  time  as  will  permit 
the  whey  to  be  out  and  the  first  rack  to  be  put  in  place  at  the  time 
given  in  the  schedule.  When  the  whey  is  nearly  all  out,  the  gate  end 
of  the  vat  is  lowered  gradually,  and  a  few  seconds  later  the  curd  is 
pushed  down  toward  the  gate,  leaving  the  upper  third  or  half  of  the 
vat  bottom  bare  and  free  from  whey.  In  this  process  the  curd  is 
always  sufficiently  firmed  in  the  whey  so  as  not  to  need  any  stirring 
in  the  whey  or  on  the  rack.  With  reasonably  brisk  work  the  curd 
can  be  transferred  to  the  curd  cloth  on  the  rack  with  a  curd  pail  or 
scoop  before  it  has  time  to  become  lumpy  on  the  bottom  of  the  vat. 
Each  pail  of  curd  as  it  strikes  the  rack  should  fall  apart  loosely  and 
not  show  the  presence  of  great  lumps  of  curd  matted  together.  Any 
such  lumps  should  be  lightly  broken  up  with  the  hand,  and  if  many 
lumps  appear  it  indicates  lack  of  skill  and  quickness. 

The  curd  is  piled  evenly  on  the  rack  about  4  or  5  inches  thick, 
and  the  top  is  leveled  off  with  the  hand  in  the  usual  manner  and  cov- 
ered with  a  curd  cloth.  More  racks  if  necessary  are  put  in  place  and 
the  vat  is  finally  covered,  leaving  the  curd  to  drain.  The  little  curd 
gauge,  made  of  wood,  devised  during  the  course  of  these  experiments 
is  a  help  in  getting  the  layer  of  curd  of  the  right  thickness  and  also 
gives  a  good  square  end  to  the  curd,  which  makes  it  easier  to  cut  into 
blocks  of  uniform  shape.     (See  PI.  VI.) 

Just  15  minutes  after  the  time  scheduled  for  putting  in  th6  rack 
the  curd  gauge  is  removed  and  the  cutting  of  the  matted  curd  into 
blocks  8  inches  square,  or  6  by  12  inches,  is  begun. 

The  blocks  are  turned  over  immediately  after  cutting,  and  again 
turned  15  minutes  later.  They  are  then  turned  once  in  10  minutes, 
and  one  hour  after  drawing  the  whey  are  piled  two  deep,  and  repiled 
every  10  minutes  until  milled.  In  turning  and  piling,  care  is  always 
used  to  turn  the  outer  cooler  surfaces  toward  the  inside,  in  order  that 
the  entire  mass  of  curd  may  remain  at  practically  uniform  temperature 
throughout,  as  in  ordinary  practice. 

MILLING,    SALTING,    AND   HOOPING  THE   CURD.' 

Exactly  one  and  a  half  hours  after  the  whey  is  drawn  the  curd  is 
milled.  The  milled  curd  is  piled  along  the  sides  of  the  vat,  so  as  to 
drain  toward  the  middle.  It  is  stirred  up  with  the  hands  from  the 
bottom,  turning  the  pile  over  about  once  every  10  minutes  after 
milling,  so  as  to  cool  it  somewhat,  prevent  matting,  and  allow  free 
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drainage.  Little  or  no  white  whey  ever  escapes  from  the  curd  after 
milling  or  salting  when  made  up  by  this  process,  although  some  clear 
whey  or  brine  does  drain  away. 

One  hour  after  milling  salt  is  thoroughly  mixed  with  the  curd  at 
the  rate  of  2  pounds  of  salt  per  hundred  of  curd,  which  amoimts 
practically  to  2  pounds  per  thousand  of  milk  in  the  spring  and  early 
summer,  and  2^  pounds  per  thousand  of  milk  in  the  fall,  when  the 
yield  of  cheese  per  hundredweight  of  milk  is  somewhat  greater.  The 
curd  is  stirred  over  several  times  during  the  next  20  minutes,  by 
which  time  the  salt  is  all  dissolved,  and  the  curd,  at  a  temperature  of 
82®  to  86®,  is  ready  to  be  hooped.  Each  hoopful  of  curd  is  covered 
with  a  cloth  and  follower  as  soon  as  filled,  in  order  to  prevent  the  sur- 
face of  the  curd  from  cooling  so  far  that  it  might  fail  to  close  well  in 
the  press. 

It  is  of  the  utmost  importance  that  every  cheese  should  be  well 
closed  and  develop  a  perfect  rind,  free  from  cracks  or  other  openings. 
Where  openings  occur  mold  is  sure  to  enter  during  the  curing  process, 
and  the  flavor  especially  is  apt  to  suffer  as  a  result. 

PRESSIKO   AND   DRESSING  THE   CHEESE. 

Throughout  the  present  set  of  experiments  the  cheese  has  been 
pressed  for  about  an  hour,  applying  pressure  with  the  hand  lever 
only,  and  at  first  only  sufficient  pressure  is  used  to  keep  the  drippings 
Thinning  from  the  hoops.  After  an  hour  the  cheese  is  dressed  and 
returned  to  the  press,  when  continuous  pressure  is  put  on  and  it  is 
left  for  the  night. 

In  bandaging  the  hoops,  the  usual  starched  circles  are  used  under 
the  heavy  muslin  or  duck  cap  cloths,  or  if  it  is  found  that  the  circles 
are  hard  to  remove  for  paraffining  they  may  be  left  out  and  the  cap 
cloths  left  on  the  cheese  until  paraffined.  The  cap  cloths,  being  of 
heavy  cloth,  can  be  stripped  off  rapidly  without  tearing  and  washed; 
in  this  way  they  may  be  used  many  times.  The  next  morning  it  is 
customary,  as  in  cheese  factories  generally,  to  look  over  the  cheese, 
straighten  any  bandages  which  may  be  faulty,  and  turn  any  crooked 
cheese  over  in  the  press,  leaving  them  until  noon  to  straighten. 

DRYING,   PARAFFINING,   AND  CURING. 

The  cheeses  when  taken  from  the  press  are  stenciled  with  the  brand 
and  date  of  making  or  a  reference  number,  and  placed  on  shelves  in  a 
well-ventilated  room  to  dry  on  the  surface.  This  room  may  be  as 
high  as  70®.     Here  they  are  turned  over  once  a  day. 

The  cheese  should  be  paraffined  when  6  to  10  days  old,  or  pos- 
sibly earlier.    The  paraffin  should  be  at  220®  F.,  at  least,  and  better  at 
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230°  to  250®  F.  The  thinnest  possible  coat  of  paraflSn  is  the  best, 
and  the  cheese  should  be  held  in  the  paraffin  about  5  seconds  and 
then  drawn  out  and  left  to  drain  over  tjjie  vat,  on  a  rack,  until  it  can 
be  handled.  A  thin  coating  of  paraffin  is  flexible  and  less  likely  to 
crack  than  a  thick  coating. 

It  is  possible  to  cure  this  cheese  at  any  temperature  between  34*^ 
and  75°.  When  it  is  desirable  to  cure  the  cheese  as  fast  as  possible, 
a  temperature  of  75°  may  be  used  without  injury  to  the  quality. 
However,  at  this  temperature  there  is  considerable  shrinkage,  and  it 
is  necessary  to  wipe  the  cheeses  occasionally  and  turn  them  over  to 
prevent  them  from  getting  moldy  and  sticking  to  the  shelves. 

At  45°  to  55°  the  cheese  cures  well,  with  little  shrinkage  and  a 
minimum  amount  of  labor.  It  also  cures  well  when  stored  at  34° 
at  the  age  of  1  week  and  develops  little  or  no  mold  on  the  surface, 
but  owing  to  the  extra  cost  this  temperature  should  only  be  employed 
where  it  is  necessary  to  hold  the  cheese  for  a  considerable  length  of 
time. 

BRANDING   AND    SELLING   THE   CHEESE. 

In  order  that  customers  may  be  sure  that  they  are  getting  genuine 
pasteurized-milk  cheese  when  called  for,  every  cheese  should  be 
marked  with  the  words  ''Pasteurized  cheese"  running  all  round  the 
edge  of  the  cheese.  All  persons  making  cheese  according  to  the  process 
here  described  should  use  such  a  brand,  in  order  to  distinguish  this 
product  from  the  ordinary  Cheddar  cheese.  A  large  number  can 
be  rapidly  marked  with  a  rubber  stamp  or  by  rolling  the  cheese  over 
rubber  type,  set  in  a  board,  as  shown  in  figure  2.  Narrow  strips  of 
wood  on  each  side  of  the  board  prevent  the  cheese  from  rolling  side- 
wise  off  the  type. 

In  a  new  style  of  product  uniformity  is  a  quahty  which  consumers 
and  dealers  require.  It  is  recommended  that  the  maker  of  this  style 
of  cheese  keep  back  one  cheese  from  each  day's  make,  when  shipping, 
until  the  consignment  has  been  accepted  and  paid  for  by  the  buyer. 
The  sample  cheese  can  then  be  sent  along  with  the  next  shipment 
without  plugging.  If  necessary,  the  cheese  can  be  plugged  with  a 
trier,  and  by  this  means  the  maker  will  be  able  to  study  any  faults 
which  may  be  observed  by  the  buyer  and  avoid  them  in  the  future. 
Names  of  leading  cheese  dealers  who  have  already  received  sample 
shipments  of  this  make  of  cheese  and  found  it  suitable  for  their 
trade  may  be  obtained  from  the  authors. 

Where  a  maker  doubts  whether  the  buyer  is  giving  him  fair  treat- 
ment, it  is  recommended  that  parts  of  each  day's  make  be  sent  to 
two  different  dealers,  whose  criticisms,  if  any  are  received,  can  be 
compared  by  the  maker  at  the  factory. 
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TESTING    CHEESE    FOR    MOISTURE    WHEN    DRESSED    IN    THE    HOOF. 

In  making  cheese  by  this  process,  the  green  cheese  was  found  to 
differ  very  little  in  moisture  content  from  day  to  day,  as  is  shown  in 
Table  19.  Excepting  the  first  day  the  cheese  was  made  each  day  in 
two  vats,  and  each  vat  of  curd  was  tested  for  moisture  separately. 

The  determination  of  moisture  in  cheese  is  not  recommended  as  a 
part  of  the  daily  work  in  a  factory.  It  is  of  great  value,  however, 
in  experimental  work,  where  it  is  desired  to  study  the  effect  on  their 
mobture  content  of  different  methods  of  handling  curds,  or  the  effect 
of  different  moisture  content  on  the  market  value  or  keeping  quality 
of  cheese. 


Fio.  2.— Method  o(  marlilng  ohee». 

Moisture  tests  are  easily  made.  It  is  objectionable,  however,  to 
plug  a  new  cheese  «very  day  for  a  mobture  teat  because  of  the  dan- 
ger of  admitting  molds,  etc.,  beneath  the  rind,  and  it  has  been  found 
that  plugging  the  green  cheese  can  be  entirely  avoided  by  sampling 
it  at  the  time  it  b  dressed  in  the  hoop,  about  one  hour  after  putting  it 
to  press.  The  trier  hole  made  at  this  time  by  turning  down  the 
bandage  and  inserting  the  trier  at  the  side  will  close'  entirely  over 
night  in  the  press,  leaving  the  rind  perfect.  Samples  of  cheese  thus 
taken  from  the  dressed  curd  and  tested  for  mobture  agreed  closely 
in  mobture  content  with  samples  taken  with  a  trier  from  the  same 
cheese  the  next  day,  after  pressing  about  twenty  hours,  as  may  be 
seen  from  Table  19. 

The  moisture  tests  wore  all  made  by  heating  10-gram  portions  of 
the  curd  -for  at  least  three  hours  in  the  Wiaconsm  high-pressure 
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steam  oven.*  After  three  or  four  hours  there  is  practically  no  further 
loss  of  weight  from  samples  of  fresh  curd  in  24  hours'  heating.  Sam- 
ples of  cured  cheese  continue  to  lose  weight  with  contmued  heating 
much  more  noticeably  than  samples  of  fresh  curd  or  green  cheese. 

Table  19. — Comparison  of  moisture  determinations  made  on  samples  taken  when  cheese 
was  dressedj  three-quarters  to  one  how  after  pressing,  and  on  samples  taken  from  green 
cheese^  next  day,  when  removed  from  press. 


Moisture  content  when  cheese 

Moisture  content,  next  day, 

Date. 

was  dressoc 

I. 

when  removed  from  press. 

Differ- 
enofi. 

First. 

Second. 

Average. 

First. 

Second. 

Average. 

1911. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Aug.  15 

37. 6J 

37.40 

37.50 

37.95 

37.25 

37. 6J 

+0.10 

18 

38.50 

38.70 

38.60 

38.50 

39.00 

38.75 

+  .15 

16 

38.50 

38.90 

38.70 

38.03 

38.50 

38.27 

-  .43 

17 

39.60 

39.10 

39.35 

38.50 

38. 6J 

38.55 

-  .80 

17 

38.90 

39.00 

38.95 

39.40 

39.40 

39.4) 

+  .45 

18 

37.80 

37.75 

37.77 

37.75 

37.95 

37.85 

+  .08 

18 

42.25 

42.25 

42.25 

41.25 

41.40 

41.  •« 

~  .93 

23 

38.80 

38.80 

38.80 

38.05 

38.45 

38.23 

-  .55 

23 

42.25 

42.45 

42.35 

42.20 

42.10 

42.15 

-  .20 

24 

39.35 

39.05 

39.20 

39.70 

40.3) 

4).  00 

+  .80 

24 

44.25 

44.30 

44.27 

43.15 

43. 3J 

4:i.22 

-1.05 

25 

39.55 

39.70 

39.62 

39.30 

39.65 

39.46 

-  .16 

25 

44. 10 

44.45 

44.27 

44.25 

44.95 

44. 6J 

+  .33 

28 

38.95 

39.10 

39.02 

38. 8J 

39.00 

38.90 

-  .12 

26 

44.30 

44.60 

44.45 

42.80 

43.00 

42.90 

-1.55 

RESULTS  OF  TWO  YEARS'  TRIAL  OF  THE  METHOD. 
INCREASED   YIELD  OF   CHEESE   OBTAINED   BT  THE   NEW   PROCESS. 


APPARATUS   AND   METHODS   OF  STUDY. 


In  the  season  1909-1910  it  was  found  that  an  increased  weight  of 
cheese  is  regularly  obtained  after  pasteurization  as  compared  with 
the  weight  obtained  by  the  regular  factory  methods.  For  the  pur- 
pose of  accurately  studying  the  yield  of  cheese  in  1911  two  scales 
were  used,  one  of  5,000  pounds*  capacity  graduated  on  the  beam  to 
one-half  pound  and  one  of  300  pounds'  capacity  graduated  on  the 
beam  to  one-tenth  pound.  The  larger  scale  was  set  up  permanently 
in  one  corner  of  the  make  room,  and  a  wooden  frame  carrying  a  300- 
gallon  steel  receiving  vat  was  placed  upon  it.  The  outlet  of  the  vat 
is  of  sanitary  metal  piping,  suspended  by  wire  to  the  vat  in  such  a 
way  that  the  pipe  and  contents  are  weighed  each  time  with  the  vat. 
The  frame,  vat,  and  pipe  weighed  4874  pounds  when  empty.  The 
separate  weights  and  the  scale  on  the  beam  were  carefully  tested  by 
use  of  test  weights.  The  entire  set  of  weights  agreed  among  them- 
selves so  closely  that  no  difference  could  be  detected  in  the  equihbrium 
of  the  beam  when  one  weight  was  substituted  for  another  in  weighin;^ 
a  load.     The  error  in  a  single  weighing  is  not  over  one-quarter  of  a 

1  Farrington,  E.  H.    A  creamery  method  for  the  determination  of  water  in  butter.     Wisconsin  Agri* 
cultural  Experiment  Station,  Bulletin  154.    Madison,  Sept.,  1907. 
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pound  with  large  or  small  loads.  Except  when  weighing  the  lever 
is  kept  up,  thus  relieving  the  knife  edges  from  load  and  wear. 

The  method  of  using  this  apparatus  is  as  follows:  The  vat  being 
empty  with  the  pipes  in  place  and  stopcocks  closed,  the  supply  of 
milk  is  run  into  the  vat  through  a  conductor  and  cloth  strainer.  The 
strainer  and  conductor  are  then  removed,  the  lever  is  lowered,  and 
the  weight  of  vat  and  contents  determined.  It  is  our  habit  to  balance 
the  scales  exactly,  giving  neither  "up"  nor  "down"  weight.  The 
lever  is  then  raised,  and  the  operator  climbs  up  the  ladder  on  the 
frame  to  the  runboard  along  the  side  of  the  vat.  With  a  dipper  he 
stirs  the  milk  continuously  and  vigorously  for  5  or  10  minutes,  and 
continues  stirring  while  a  portion  of  the  milk  is  being  drawn  out  for 
use  in  one  of  the  experimental  cheese  vats.  The  vat  and  the  remain- 
ing milk  are  then  weighed  with  the  same  precautions  as  before,  after 
which  another  portion  of  the  milk  may  be  drawn  off  for  use  in  another 
vat  in  the  same  manner. 

The  precautions  mentioned  above  seemed  sufficient  to  insure  that 
the  milk  used  in  the  two  vats — one  for  ordinary  and  one  for  pas- 
teurized cheese — was  thoroughly  mixed  at  the  time  it  was  drawn 
from  the  receiving  vat,  and  that  each  lot  was  weighed  accurately 
with  a  total  possible  error  of  not  over  one-half  a  pound  in  a  vat  of  200 
to  2,000  pounds  of  milk — an  error  of  one-fortieth  to  one-fourth  of 
1  per  cent,  at  most. 

The  other  new  scale  mentioned  above  is  a  counter  scale  graduated 
on  the  beam  to  one-tenth  of  a  pound  and  sensitive  to  one-twentieth  of  a 
pound  with  any  load  up  to  200  pounds.  This  was  used  for  weighing 
the  cheese  throughout  the  work  here  described.  The  set  of  weights 
used  with  this  scale  agreed  among  themselves  and  with  the  test 
weights  mentioned  above  in  the  description  of  the  other  scale. 

With  the  smaller  scale,  20  to  200  pounds  of  cheese  could  readily  be 
weighed  with  an  error  of  not  over  0.05  of  a  pound,  or  0.25  per  cent, 
at  most.  On  68  days  during  the  season  of  1911  the  receiving  vat  of 
milk  was  divided  into  two  accurately  weighed  portions  for  this  exper- 
iment. One  of  these  was  pasteurized  and  made  up  into  cheese  by 
the  new  method,  the  other  portion  was  made  up  into  cheese  by  regular 
factory  methods.  The  cheese  was  13^  inches  in  diameter  by  4  inches 
high,  the  "daisy"  size.  The  green  cheese  was  always  weighed  as 
quickly  as  possible  after  being  removed  from  the  hoops.  The  daily 
record  of  weights  of  milk  used  and  of  cheese  obtained,  and  the  per 
cent  of  increased  yield  which  resulted  from  pasteurization^  are  shown 
in  Table  20. 
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Table  20. — Increased  yield  of  green  cheese  obtained  by  the  new  method  from  pasteur- 

%zed  mvx. 


Date  made. 

Pasteurixed  milk. 

Raw  milk. 

Gain  by 
pasteur- 

Proportion of 
starter  used. 

Yield  of 

Yield  of 

cheese 

cheese 

ized 

Pas- 
teur- 
ized. 

Milk 

Ormn 

per  hun- 

Milk 

Oreen 

per  hun- 

milk. 

Raw. 

used. 

cheese. 

dred- 

uaed. 

cheese. 

dred- 

weight 
of  milk. 

weight 
of  milk. 

1911 

• 

PwiniM. 

Pawn/i». 

Pw.niM. 

PowiyiM. 

PwknU. 

PownAi. 

Ptrctnt. 

Ptrdt. 

Ptrct. 

Feb. 

23 

538.0 

53.20 

9.89 

380.0 

35.40 

9.31 

6.23 

0.75 

0.00 

24 

504.5 

51.00 

10.11 

380.0 

36.60 

9.63 

4.98 

.76 

.00 

27 

1.026.5 

106.20 

10.35 

600.0 

67.80 

9.63 

7.48 

.75 

.00 

28 

800.0 

82.20 

10.27 

400.0 

38.30 

9.57 

7.31 

.75 

.75 

Mar. 

1 

350.0 

36.40 

10.11 

510.0 

60.20 

9.84 

2.75 

.75 

1.50 

2 

389.5 

39.60 

10.01 

628.0 

59.70 

9.51 

6.61 

.75 

.76 

3 

340.0 

35.00 

10.29 

622.0 

62.30 

10.02 

Z79 

.76 

1.60 

7 

855.0 

88.20 

10.32 

3S0.0 

38.40 

10.11 

2.08 

.75 

2.00 

• 

8 

590.0 

60.70 

10.20 

38S.6 

39.30 

10.12 

1.68 

.76 

1.50 

9 

418.0 

42.80 

10.24 

417.6 

41.00 

9.82 

4.27 

.76 

1.00 

10 

442.0 

44.70 

10.11 

700.0 

66.40 

9.49 

6.63 

.75 

.00 

13 

1,166.0 

122.00 

10.46 

276.0 

25.70 

9.34 

12,00 

.75 

.00 

14 

956.0 

103.40 

10.81 

200.0 

25.80 

9.92 

8.97 

.75 

.75 

16 

570.5 

58.10 

10.18 

8M.0 

37.60 

9.87 

3.14 

.75 

.75 

16 

531.6 

56.90 

10.71 

369.0 

37.40 

10.42 

2.78 

.75 

2.00 

17 

395.0 

41.20 

10.43 

306.0 

39.80 

10.05 

3.78 

.76 

2.50 

20 

1,344.0 

136.00 

10.12 

384.0 

36.60 

9.53 

6.19 

.76 

.00 

21 

570.0 

56.40 

9.89 

378.0 

35.30 

9.34 

5.89 

.76 

.00 

22 

362.5 

36.00 

9.93 

542.0 

51.80 

9.56 

3.87 

.75 

1.67 

Apr. 

5 

585.0 

60.80 

10.39 

390.0 

37.70 

9.67 

7.45 

.75 

.75 

m 

7 

508.0 

51.15 

10.07 

339.6 

32.50 

9.67 

5.22 

.75 

.75 

11 

549.0 

55.00 

10.02 

549.0 

52.60 

9.68 

4.59 

.76 

.76 

13 

364.0 

35.70 

9.81 

864.0 

34.55 

9.49 

3.37 

.76 

.75 

17 

800.0 

80.26 

10.03 

600.0 

55.50 

9.25 

8.43 

.75 

.00 

18 

720.0 

71.15 

9.88 

640.0 

49.80 

9.22 

7.16 

.75 

.00 

24 

1,254.0 

122.80 

9.79 

660.0 

61.90 

9.38 

4.37 

.75 

.75 

27 

570.0 

55.30 

9.70 

380.0 

36.70 

9.39 

3.30 

.76 

.75 

28 

420.0 

40.85 

9.73 

420.0 

40.05 

9.54 

1.99 

.75 

..75 

May 

2 

636.0 

66.05 

10.23 

424.0 

42.00 

9.91 

3.23 

.76 

.76 

w 

3 

558.0 

54.30 

9.73 

372.0 

35.66 

9.66 

1.81 

.75 

.76 

8 

1,603.0 

158.15 

9.34 

800.0 

70.96 

8.87 

6.30 

.75 

.75 

10 

798.0 

77.60 

9.72 

798.0 

73.70 

9.24 

6.19 

.75 

.75 

16 

1,587.0 

161.60 

10.18 

800.0 

76.90 

9.61 

6.93 

.76 

.76 

17 

1.088.5 

109.00 

10.01 

800.0 

78.60 

9.57 

4.60 

.75 

.76 

22 

1,223.0 

129.40 

10.58 

800.0 

78.20 

9.77 

8.29 

.75 

.76 

25 

851.0 

87.00 

10.22 

800.0 

78.80 

0.85 

3.76 

.75 

t75 

29 

1,315.0 

138.60 

10.54 

800.0 

80.20 

10.02 

6.29 

.75 

.75 

JiinB 

1 

798.0 

83.50 

10.46 

800.0 

&3.10 

10.39 

.67 

.75 

.75 

2 

799.5 

82.86 

10.36 

800.0 

79.50 

9.94 

4.23 

.75 

•     .75 

7 

790.5 

79.66 

10.07 

800.0 

76.60 

9.57 

6.22 

.75 

.75 

9 

800.0 

82.30 

10.29 

800.0 

78.15 

9.77 

5.32 

.76 

.75 

13 

1,090.0 

119. 70 

10.98 

800.0 

80.20 

10.02 

9.58 

.76 

.00 

16 

796.0 

85.50 

10.76 

800.0 

80.70 

10.09 

6.54 

.75 

.75 

16 

800.0 

83.45 

10.43 

800.0 

78.95 

9.87 

5.67 

.75 

.75 

19 

810.0 

87.60 

10.81 

800.0 

79.65 

9.96 

8.54 

.75 

.00 

21 

798.5 

81.75 

10.24 

800.0 

77.70 

9.71 

5.46 

.75 

.75 

26 

770.0 

80.65 

10.47 

770.0 

75.46 

9.80 

6.84 

.75 

.00 

27 

801.0 

83.50 

10.42 

800.0 

79.00 

9.88 

6.46 

.75 

.75 

28 

801.5 

85.90 

10.73 

800.0 

82.00 

10.25 

4.68 

.75 

.75 

July 

3 

1,234.0 

122.75 

9.96 

800.0 

72.35 

9.04 

10.07 

.75 

.00 

6 

996.0 

102.46 

10.30 

660.6 

66.10 

10.02 

2.79 

.75 

.75 

8 

1,068.0 

108.60 

10.16 

660.0 

62.80 

0.52 

6.72 

.75 

.00 

10 

1,064.5 

107.30 

10.08 

800.0 

74.35 

9.20 

8.60 

.75 

.00 

11 

914.0 

93.50 

10.23 

660.0 

63.65 

9.64 

6.12 

.76 

.00 

12 

873.0 

93.15 

10.67 

800.0 

78.20 

9.77 

9.21 

.76 

.75 

24 

1,195.0 

125.10 

10.47 

600.0 

58.20 

9.70 

7.94 

.75 

.75 

26 

1,099.0 

118.32 

10.77 

190.0 

19.32 

0.17 

5.90 

.75 

.00 

Aug. 

29 

294.5 

31.58 

10.72 

290.0 

30.50 

10.52 

1.90 

.75 

.75 

30 

344.0 

35.82 

10.41 

340.0 

34.05 

10.01 

4.00 

.75 

.75 

Sept. 

1 

322.0 

34.10 

10.69 

320.0 

32.60 

10.19 

3.92 

.75 

.75 

5 

291.5 

31.00 

10.63 

292.0 

20.65 

10.15 

4.73 

.75 

.75 

6 

276.0 

28.95 

10.49 

275.0 

27.20 

9.89 

6.46 

.75 

.75 

7 

286.5 

31.03 

10.83 

286.6 

29.48 

10.29 

6.24 

.75 

.75 

8 

292.0 

31.50 

10.79 

292.0 

30.25 

10.36 

4.14 

.75 

.75 

20 

263.0 

29.15 

11.08 

263.0 

27.80 

10.57 

4.82 

.76 

.75 

22 

265.0 

29.20 

11.02 

266.5 

28.05 

10.52 

4.76 

.75 

.75 

25 

748.0 

83.90 

11.22 

250.0 

26.40 

10.56 

6.25 

.75 

.75 

Oct. 

2 

700.5 

79.25 

11.31 

420.0 

46.10 

10.74 

5.31 

.75 

.75 

Avera 

3 

251.0 

27.75 

11.05 

250.0 

26.25 

10.50 

5.24 

.75 

.75 

10.     7 

9.815 

5.374 

^  •  • 
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It  w^U  be  noted  that  every  day  in  the  season  there  was  a  greater 
yield  of  cheese  from  the  pasteurized  milk.  From  250  to  1,700  pounds 
of  milk  were  handled  in  each  vat.  The  average  yield  of  green  cheese 
from  raw  milk  was  9.815  pounds  and  from  pasteurized  milk  10.537 
pounds  per  hundred  pounds  of  milk. 

The  daily  increase  in  yield  ranged  from  0.6  per  cent  to  12  per  cent, 
and  in  50  cases  (72  per  cent)  lay  between  3  and  8  per  cent,  while  the 
average  increase  in  yield  by  the  new  process  on  69  days  was  5.37  per 
cent.*  On  45  days  the  same  proportion  of  skim  milk  starter — three- 
fourths  per  cent — was  used  in  both  the  raw  and  the  pasteurized 
milk.  In  the  raw  milk  none  \^as  used  on  16  days,  and  on  8  days 
1  to  2}  per  cent  (on  the  average  1.71  per  cent)  was  used,  while  in 
every  case  the  pasteurized  milk  received  #three-fourths  per  cent 
starter.  If  the  use  of  starter  affects  the  yield  of  cheese,  the  average 
yield  from  the  pasteurized  milk  on  16  days  was  raised  about  three- 
fourths  per  cent,  while  the  average  yield  from  raw  milk  was  raised 
on  8  days  about  1.71  per  cent.  These  two  effects  offset  each  other 
in  the  table,  givuig  a  slight  advantage  to  the  yield  from  .the  raw  milk, 
so  that  the  final  average  figure — 5.37  per  cent — representing  the  aver- 
age gain  in  yield  of  green  cheese  by  the  new  process,  is  no  higher  and 
possibly  a  trifle  lower  than  it  would  have  been  if  equal  proportions  of 
starter  had  been  used  in  all  cases. 

Among  the  17  cases  hi  Table  20  in  which  no  starter  was  used  in  the 
raw-milk  vat,  the  average  gain  in  the  pastearized-milk  vat,  using 
three-fourths  per  cent  starter,  was  7.48  per  cent;  and  in  8  cases  where 
more  than  three-fourths  per  cent  starter  was  used  in  the  raw  milk,  the 
average  gain  in  yield  in  the  pasteurized-milk  vat  was  3  per  cent. 
From  this  it  would  appear  that  the  proportion  of  starter  used  does 
notably  affect  the  yield  of  cheese,  contrary  to  some  recent  statements.* 

SEARCH  FOR   SYSTEMATIC    ERRORS  IN   EXPERIMENTS  ON  YIELD  OF  CHEESE. 

The  presence  of  systematic  errors  was  carefully  guarded  against  in 
the  daily  work  on  the  yield  of  cheese.  Before  dividing  the  milk  from 
the  receiving  vat  for  use  in  the  two  make  vats,  the  milk  was  first 
thoroughly  stirred  for  4  to  10  minutes,  as  already  stated,  and  the  stir- 
ring was  continued  while  the  milk  was  running  out.  The  portion  of 
milk  drawn  out  first  was  commonly  used  for  making  the  raw-milk 
cheese,  but  sometimes,  as  on  March  8,  9,  10,  17,  21,  22,  and  April  7, 
11,  17,  18,  and  May  10,  the  portion  drawn  first  was  used  for  making 
the  past  urized-milk  cheese.     The  average  gain  in  yield  through  pas- 

1  Both  the  median  and  the  mode  lie  between  5  and  6  per  cent.  The  mode  is  the  class  which  occurs  with 
the  greatest  frequency;  the  median  is  the  magnitude  at  the  middle  of  the  series  from  largest  to  smallest. 
See  "  Statistical  Methods,"  by  C.  B.  Davenport,  New  York,  1899,  or  "  Principles  of  Breeding,"  by  E.  DaYon- 
port,  Boston,  1907,  p.  684. 

s  Van  Slyke,  Lucius  L.,  and  Publow,  Charles  A.  The  science  and  practice  of  cheese  making.  New  York, 
1900.    Seep.  69. 
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teurization  on  these  11  days  was  5.15  per  cent,  so  nearly  equal  to  the 
general  average  of  5.37  per  cent  (see  Table  20)  as  to  indicate  that  the 
gain  in  yield  is  not  due  to  any  difference  in  composition  of  the  nulk 
when  divided  into  two  lots.  Carefully  tested  thermometers  and  the 
same  pair  of  curd  knives  were  used  in  every  vat. 

Usually  the  vat  of  pasteurized  milk  was  set  first  with  rennet,  and 
the  vat  of  raw  milk  5  minutes  later.  The  two  vats  were  placed  near 
each  other,  and  conditions  were  such  that  one  operator  could  stir 
them  both  at  onc«,  if  desired.  On  11  days,  April  18,  24,  27,  May  8, 
10,  15,  17,  August  29,  30,  September  1,  and  October  2,  the  rennet  was 
added  to  the  raw  milk  first,  and  to  the  pasteurized  milk  5  minutes 
later.  The  average  gain  in  yield  on  the  11  days  was  4.63  per  cent, 
indicating  that  the  order  of  sotting  the  vats  had  nothing  to  do  with 
the  gain  in  yield. 

In  order  to  ascertain  what  per  cent  of  unavoidable  error  enters  into 
the  measurement  of  yield  of  cheese,  a  special  experiment  was  performed 
on  34  days.  Each  day,  with  all  of  the  usual  precautions,  two  lots 
of  milk  drawn  from  the  receiving  vat  were  run  through  the  pasteurizer, 
one  after  the  other,  and  made  up  into  cheese  in  separate  vats  marked 
(C)  and  (D)  standing  near  each  other,  and  handled  by  the  same  oper- 
ator (Mr.  Bruhn).  The  vats  were  heated  and  set  exactly  5  minutes 
apart  by  the  watch,  and  the  time  schedule  for  each  vat  was  strictly 
followed  in  every  detail.  The  same  curd  knives  and  thermometer 
were  used  in  both  vats. 

The  pasteurizer  and  cooler  are  always  rinsed  with  hot  water  at  the 
beginning  of  the  first  run,  but  are  wet  with  adhering  milk  at  the  close 
of  the  run  just  before  beginning  the  second  run.  Thus  the  actual 
weight  of  milk  in  the  first  vat  might  be  sUghtly  less  than  it  should  be. 
To  avoid  this  source  of  error,  the  pasteurizer  and  cooler  were  allowed 
to  drain  each  time  into  the  vat  for  several  minutes  (until  the  stream 
of  milk  broke)  into  single  drops),  and  then  the  metal  surfaces  were 
carefully  rinsed  with  two  measured  portions  of  clean  water.  Thus 
the  surfaces  of  the  pasteurizer  and  cooler  were  wet  with  water  at  the 
beginning  of  the  second  run  as  well  i\s  the  first.  The  milk  content 
of  the  rinsings  (see  Table  21)  was  foiind  to  be  very  small  and  uniform, 
amounting  to  about  0.8  of  a  pound  of  milk  each  time,  which  if  it  were 
all  lost  froin  one  vat  but  not  the  other  would  cause  a  difference  of 
yield  of  cheese  from  a  500-pound  lot  of  mUk  (as  in  Table  22)  of 
about  0.16  per  cent.  In  order  to  avoid  this  source  of  error  entirely, 
the  rinsings  from  both  runs  were  either  thrown  away,  as  on  the  first 
15  days  listed  in  Table  22,  or  the  rinsings  after  each  run  were  added 
to  the  respective  vats,  as  on  the  last  19  days. 
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Table  21. — Milk  content  of  rinsings  of  pasteurizer  and  cooler. 


Data 

Weight 
of  rins- 
ings. 

Fat  content. 

Estimated 
weight  of 
cheese  in 
rinsings. 

Estimated 

weight  of 

milk  in 

rinsings. 

Percent. 

Weight. 

1911. 
Apr.  25  (Vat  C) 

25  (Vat  D) 

26  (Vat  C) 

26(VatD) 

Pound*. 
2.25 
2.25 
2.25 
2.25 

1.25 
1.25 
1.20 
1.20 

Pound*. 

0.028 

.028 

.027 

.027 

Pound*. 

0.08 

.08 

.08 

.08 

Pound*. 

0.8 

.8 

.8 

.8 

The  yield  of  cheese  obtained  in  duplicate  vats  thus  handled  was 
never  exactly  equal  and  varied  on  the  average  for  33  days  by  0.585 
per  cent  of  the  weight  of  the  cheese,  as  shown  in  Table  22.  The  milk 
in  Vat  C  was  drawn  first  from  the  receiving  vat,  and  was  pasteur- 
ized and  set  first  in  all  cases  except  where  otherwise  noted. 


Table  22 

. —  Variation  in  yield  of  cheese  from 

duplicate  vats  of  pasteurized  milk. 

VstC. 

Ratio  of 

mUk 
weights. 

VatD. 

DlfTer- 
encein 
yield  of 
the  two 
vats. 

Date. 

Weight 
of  inilk 

Weight 
of  green 

Cheese 
per  cwt. 

Weight 
of  milk 

Weight 
of  green 

Cheese 
per  cwt. 

used. 

cheese. 

of  milk. 

used. 

cheese. 

of  milk. 

Vat  Vat 

1911. 

Pounds. 

Pound*. 

Pound*. 

C.    D. 

Pound*. 

Pound*. 

Pound*. 

Percent. 

Mar.  23 

430.0 

42.50 

9.884 

430.0 

42.55 

9.885 

ail 

24 

390.0 

38.80 

9.949 

390.0 

39.10 

10.026 

.77 

27 

375.0 

36.10 

9.627 

1     3 

1,125.0 

109.20 

9.707 

.83 

28 

350.0 

36.60 

10.457 

1      2\ 

876.0 

92.20 

10.537 

.76 

29 

585.0 

59.10 

10.102 

390.0 

89.45 

10. 116 

.13 

30 

495.0 

50.10 

10. 121 

1^     1 

330.0 

33.50 

10. 151 

.30 

31 

540.0 

54.20 

10.038 

1      1 

360.0 

36.15 

10.042 

.04 

Apr.   4 

685.0 

60.50 

10.342 

1' '    1 

390.0 

40.55 

10.397 

.53 

6 

534.0 

54.15 

10. 140 

1      1 

356.0 

37.35 

10.491 

13.46 

10 

1,080.0 

106.30 

9.842 

360.0 

35.65 

9.903 

.62 

12 

555.0 

55.70 

10.036 

li    1 

370.0 

37.60 

1^.162 

1.25 

14 

380.0 

38.10 

10.026 

380.0 

38.40 

10.105 

.79 

19 

400.0 

40.30 

10.075 

4no.O 

40.60 

10.160 

.74 

20 

370.0 

36.75 

9.932 

1  11 

55'>.0 

55.40 

9.728 

.60 

21 

380.0 

37.00 

9.737 

570.0 

55. 4« 

9.728 

.09 

25 

420.0 

41.00 

9.762 

420.0 

40.90 

9.738 

.25 

26 

370.0 

36.20 

9.784 

1     H 

555.0 

64.35 

9.793 

.09 

May   4 

420.0 

42.10 

10.024 

420.0 

42.50 

10. 119 

.95 

5 

531.0 

51.40 

9.680 

U    1 

354.0 

34.35 

9.703 

.24 

9 

408.0 

40.05 

9.963 

1     li 

612.0 

60.80 

9.935 

.28 

11 

410.0 

41.50 

10. 122 

410.0 

41.80 

10.195 

.72 

12 

795.0 

78.25 

9.843 

796.0 

79.50 

10.000 

1.69 

16 

800.0 

80.30 

10.037 

800.0 

80.65 

10.081 

.44 

18 

600.0 

63.80 

10.633 

600.0 

62.70 

10.450 

1.75 

19 

600.0 

62.20 

10.367 

600.0 

61.95 

10.325 

.41 

2:< 

600.0 

64.00 

10.667 

600.0 

63.75 

10. 625 

.39 

24 

612.25 

64.35 

10.510 

012.25 

65.15 

10.641 

1.24 

30 

600.0 

61.30 

10.217 

600.0 

60.75 

10. 125 

.91 

31 

600.0 

62.10 

10.350 

600.0 

62.12 

10.363 

.03 

June  6 

583.0 

59.15 

10. 146 

577.75 

69.15 

10.238 

.91 

8 

600.0 

61.56 

10.258 

600.0 

61.85 

10.308 

.49 

14 

600.0 

62.28 

10.380 

600.0 

62.15 

10.358 

.21 

17 

599.5 

62.71 

10.460 

599.5 

63.11 

10.527 

.64 

20 
Average.. 

600.0 

60.30 

10.050 

600.0 

60.90 

10.160 

.99 

535.22 

10.105 

536.37 

10. 149 

1.685 

1  The  result  for  Apr.  6  is  omitted  in  computing  the  average  because  of  abnormal  conditions. 

Among  the  34  days'  results  obtained  during  the  season,  as  shown 
in  Table  22,  the  difference  in  yield  between  duplicate  vats  exceeded 
1.75  per  cent  in  only  one  case.  On  this  day  there  was  unusual 
difficulty  in  the  work  because  of  unexpected  failure  of  the  supply  of 
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water  for  cooling,  and,  although  the  direct  cause  of  the  exceptionally 
high  figure  (3.46  per  cent)  can  not  be  directly  traced,  it  seems  Ukely 
that  some  gross  error  occurred,  which  was  avoided  on  the  other  days. 
Therefore  this  figure  (for  April  6)  is  omitted  from  the  general  average. 

On  28  days  (82  per  cent  of  all  cases)  the  variation  in  yield  between 
duplicate  vats  lay  below  1  per  cent  and  on  33  days  (omitting  April  6)  it 
averaged  0.584  per  cent.  For  present  purposes,  therefore,  it  may  be 
considered  that  the  figure  5.37  per  cent,  from  Table  20,  representing  the 
average  increased  yield  of  green  cheese  obtained  through  pasteuriza- 
tion, is  correct  within  0.58  per  cent,  or  about  one-ninth  of  its  value. 

The  yield  of  cheese  from  pasteurized  milk  is  thus  capable  of  meas- 
urement with  an  average  diJfference  between  duplicate  determina^- 
tions  of  0.6  per  cent  of  the  amount  determined.  This  degree  of 
accuracy  in  manipulation  is  comparable  with  that  attained  in  many 
analytical  chemical  processes,  in  which  a  limit  of  1  per  cent  of  the 
amount  determined  is  commonly  set  as  the  maximiun  allowable 
difference  between  duplicates. 

The  principal  cause  for  the  difference  of  0.60  per  cent  in  the  yield  in 
making  dupUcate  vats  of  cheese  docs  not  lie  in  the  weighing  of  the 
milk  or  cheese,  because  with  the  scales  employed  both  the  milk  used 
and  the  cheese  obtained  therefrom  could  be  weighed  with  an  error 
of  not  over  0.10  per  cent.  The  per  cent  of  difference  in  yield  was  not 
reduced  when  the  weight  of  milk  handled  was  increased.  It  appears 
likely,  therefore,  that  there  are  small  unavoidable  differences  caused 
by  the  size  of  the  cubes  or  in  the  manipulation  of  the  milk  and  curd 
which  cause  an  average  difference  in  yield  of  from  0.50  to  0.60  per 
cent  between  duplicate  vats. 

An  effort  was  made  so  far  as  time  permitted  to  determine  whether 
any  one  of  several  causes  was  regularly  or  chiefly  responsible  for  this 
average  difference  in  the  yield.  The  stirring  of  the  vats  was  done 
by  hand  in  all  cases  where  the  weight  of  milk  in  a  vat  was  less  than 
400  pounds.  For  experiments  with  400  to  800  pounds  of  milk  in  a 
vat  a  pair  of  vats  of  800  pounds  capacity  was  used.  These  were 
stirred  with  a  pair  of  wooden  rakes,  exactly  ahke  in  shape  and  size. 
Larger  quantities  of  milk  than  800  pounds  were  always  handled  in  a 
vat  of  2,400  pounds  capacity  in  which  a  two-bladed  rotating  and 
oscillating  agitator  was  used  instead  of  the  rake.  The  difference 
in  yield  between  duplicate  vats  could  not  be  traced  to  the  methods 
of  stirring.  Thus,  on  March  27,  the  agitator-stirred  vat  (D)  gave 
0.83  per  cent  greater  yield  than  the  hand-stirred  vat  (C),  but  on 
April  10  the  hand-stirred  vat  (D)  gave  0.62  per  cent  greater  yield 
than  the  agitator-stirred  vat  (C).  The  average  difference  on  12 
days  in  yield  between  duplicate  rake-stirred  vats  was  0.70  per  cent, 
and  the  average  difference  in  yield  between  duphcate  hand-stirred 
vats  on  19  days  was  0.52  per  cent.  The  differences  varied  slightly 
whatever  method  of  stirring  was  employed. 
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Again,  handling  different  amounts  of  milk  did  not  appear  to  affect 
the  yield  in  duplicate  vats.  On  12  days,  using  one  and  one-half  to 
three  times  as  much  mUk  in  one  vat  as  in  the  other,  the  average  diflFer- 
ence  in  yield  was  0.40  per  cent,  which  is  a  little  smaller  than  tbe 
average  of  the  other  days,  showing  that  the  quantity  of  milk  handled 
by  this  method  does  not  affect  the  yield.  Since  the  same  results  are 
obtained  in  a  small  vat  with  375  pounds  of  milk  as  in  a  large  one 
with  1,125  pounds  of  milk,  it  is  believed  that  the  general  results  of 
this  investigation  are  apphcable  to  the  largest  sized  vats  of  milk  used 
in  factories. 

SHRINKAGE    BEFORE   PARAPPINIKG,  AKD  YIELD   OF  PARAFFINED   CHEESE. 

Since  there  is  always  some  loss  in  weight  of  cheese  previous  to 
paraffining,  it  is  of  interest  to  compare  the  shrinkage  of  ordinary 
cheese  with  that  of  new-process  cheese,  and  to  determine  whether 
there  is  an  increased  yield  of  pasteurized-milk  cheese  when  paraffined 
corresponding  to  the  increased  yield  observed  in  the  same  cheese 
when  green.  This  can  be  done  readily  from  Table  23,  which  shows 
the  average  results  for  the  season  and  also  the  range  of  daily  variation. 

Table  23. — Comparison  of  old  and  new  process  cheese  as  to  shrinkage  before  paraffining 

and  yield  of  paraffined  cheese. 


Shrinkage  per  100 

K 

pounds 

of  green 

Yield    I 

per   100 

Age 

cheese 

before 

pounds  of  milk. 

Gain  in 

Date 

when 

parafflnine. 

m 

yield 

made. 

nar- 
amned. 

by  new 
process. 

Pasteur- 
ized. 

Raw. 

Pasteur- 
ized. 

Raw. 

1911. 

Days. 

Poundt. 

Pounds. 

Pounds. 

Pounds. 

Percent. 

Feb.  23 

19 

5.92 

5.23 

9.30 

8.83 

6.32 

24 

18 

5.98 

5.05 

9.50 

9.14 

3.94 

27 

16 

5.32 

4.67 

9.79 

9.18 

6.64 

28 

14 

5.23 

4.57 

9.74 

9.14 

6.56 

Mar.     1 

13 

5.36 

4.88 

9.67 

9.36 

2.24 

2 

12 

5.26 

4.35 

9.49 

9.09 

4.40 

3 

15 

6.71 

5.35 

9.71 

9.48 

2.43 

7 

11 

6.21 

4.43 

9.78 

9.66 

1.24 

8 

10 

4.45 

4.58 

9.83 

9.65 

1.86 

9 

9 

5.49 

4.82 

9.68 

9.35 

3.53 

10 

8 

3.58 

3.35 

9.75 

9.17 

6.32 

13 

12 

5.08 

4.28 

9.93 

8.95 

10.95 

14 

11 

5.13 

4.26 

10.26 

9.50 

aoo 

15 

10 

3.96 

3.73 

9.78 

9.50 

2.95 

la 

9 

4.22 

3.61 

10.25 

10.04 

2.09 

17 

8 

3.88 

3.27 

10.03 

9.72 

3.19 

20 

12 

5.37 

4.37 

9.58 

9.11 

5.16 

21 

11 

4.42 

3.68 

9.46 

8.99 

6.23 

22 

10 

4.72 

3.86 

9.46 

9.19 

2.94 

Apr.     5 

10 

4.36 

3.58 

9.94 

9.32 

6.65 

7 

8 

4.10 

3.85 

9.66 

9.20 

4.60 

11 

10 

5.09 

4.56 

9.51 

9.14 

4.05 

13 

8 

4.62 

4.05 

9.35 

9.11 

2.63 

17 

12 

5.11 

4.23 

9.52 

8.86 

7.45 

18 

11 

4.85 

4.42 

9.40 

8.81 

6.70 

24 

12 

5.05 

4.11 

9.30 

8.99 

3.45 

27 

9 

3.98 

3.64 

9.32 

9.05 

2.98 

28 

8 

2.82 

2.f)2 

9.45 

9.29 

1.72 

May     2 

11 

4.36 

3.93 

9.79 

9.52 

2.84 

3 

10 

4.33 

4.08 

9.31 

9.17 

1.63 

8 

13 

4.52 

4.65 

a  91 

8.46 

6.32 

10 

11 

4.19 

3.73 

9.32 

8.89 

4.83 

15 

12 

4.64 

4.»^ 

9.71 

9.19 

6.65 

17 

10 

4.57 

3.98 

9.49 

9.19 

3.26 

22 

12 

4.71 

4.09 

10.08 

9.37 

7.57 

25 

11 

4.71 

3.93 

9.74 

9.46 

2.96 

29 

13 

4.72 

4.37 

10.04 

9.59 

4.69 
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Table  23. — Comparison  of  old  and  new  process  cheese  as  to  shrinkage  before  paraffining 

and  yield  of  paraffined  cheese — Continued. 


Shrinkage  per  100 
pounds  of  green 

Yield 

per    100 

Age 

cheese    before. 

pounds  of  milk. 

Gahi  in 

Date 

when 

paraffining. 

yield 

mBde. 

paraf- 
fined. 

by  new 
process. 

Pasteur- 
ized. 

Raw. 

Pasteur- 
ized. 

Raw. 

1011. 

Duyt. 

Pounds. 

Pound*. 

Pound*. 

Pound*. 

Prr  cent. 

June    1 

10 

3.02 

3.67 

10.05 

10.01 

0.40 

2 

0 

4.22 

3.92 

9.93 

9.L5 

3.98 

7 

7 

4.21 

8.66 

9.66 

9.22 

4.77 

0 

8 

3.80 

3.58 

9.90 

9.42 

5.09 

13 

10 

5.26 

4.74 

10.40 

9.55 

8.90 

16 

8 

4.40 

3.82 

10.18 

9.70 

4.95 

16 

7 

4.43 

3.64 

9.97 

9.51 

4.84 

19 

12 

4.86 

4.27 

10.29 

9.53 

7.97 

21 

10 

4.46 

4.18 

9.78 

9.31 

6.05 

26 

12 

4.53 

4.17 

10.00 

9.40 

6.88 

27 

11 

4.10 

3.80 

V.  W 

9.50 

5.16 

28 

10 

4.02 

3.41 

10.30 

9.90 

4.04 

July     3 

14 

4.56 

3.91 

9.49 

8.69 

0.21 

6 

11 

4.20 

4.01 

9.86 

9.61 

2.60 

8 

9 

3.64 

3.42 

9.79 

9.19 

6.53 

10 

10 

4.80 

4.64 

9.  GO 

8.86 

8.35 

11 

11 

4.46 

4.01 

9.77 

9.26 

5.51 

12 

10 

4.54 

3-(i5 

10.19 

9.42 

8.17 

Aug.  20 

11 

4.09 

6.07 

10.18 

9.88 

a  14 

30 

10 

4.22 

4.05 

9.97 

9.61 

3.75 

Sept.    1 

8 

4.14 

4.14 

10.15 

9.77 

3.89 

6 

13 

4.35 

4.05 

10.17 

9.74 

4.42 

6 

12 

3.82 

3.49 

10.09 

9.54 

5.65 

7 

11 

3.49 

2.99 

10.45 

9.98 

4.71 

8 

10 

3.17 

2.81 

10.45 

10.07 

3.77 

20 

10 

3.80 

3.41 

10.66 

10.21 

4.41 

22 

8 

3.43 

3.21 

10.64 

10.19 

4.42 

25 
Average.. 

16 

6.49 

5.87 

10.49 

9.94 

5.53 

4.546 

4.078 

9.833 

9.  ass 

4.761 

In  practically  every  case  in  Table  23  the  pasteurized-milk  cheese 
showed  a  greater  shrinkage  than  the  raw-milk  cheese  during  the  period 
before  paraffining,  which  was  7  to  19  days.  The  average  shrinkage 
of  raw-milk  cheese  before  paraffining, .  for  all  65  cases,  was  4.08 
pounds  per  hundred  of  green  cheese,  and  for  the  pasteurized-milk 
cheese  it  was  4.55  pounds  per  himdred,  nearly  one-eighth  greater 
than  the  raw.  This  excess  shrinkage  is  observed  whether  the  cheese 
was  paraffined  at  7  or  14  days,  as  is  shown  in  the  following  table, 
which  is  a  summary  of  Table  23. 

Table  24. — Shrinkage  of  cheese  when  paraffined  at  different  ages  (summary  of  Table  23). 


Average  shrinkage  in 

weight     per     100 

Age  when 
paraffined. 

Cases  av- 
eraged. 

pounds  green  cheese. 

Excess  in  pasteurized. 

Pasteur> 
ized. 

Raw. 

Per  cent  of 

Days. 

Number. 

Pound*. 

Pound*. 

Pound*. 

raw. 

7U>  8 

11 

3.95 

3.56 

0.39 

11 

9 

5 

4.31 

3.HS 

.43 

11 

10 

16 

4.35 

3.83 

.52 

13 

11 

12 

4.52 

4.10 

.42 

11 

12 

10 

4.84 

4.17 

.67 

16 

13  to  19 

11 

5.29 

4.78 

.51 

11 
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On  account  of  this  excess  shrinkage  before  paraffining,  amounting 
to  about  one-half  pound  per  hundred  pounds  of  cheese,  the  average 
increased  yield  of  5.37  pounds  per  hundred  of  milk  observed  in  the 
pasteurized  cheese  when  green  (Table  20)  was  reduced  to  4.76  pounds 
(see  Table  23)  by  the  time  the  cheese  was  paraffined. 


SHRINKAGE  AND  YIELD  OF  CURED  CHEESE. 


The  further  shrinkage  and  yield  of  cheese  after  paraffining  was 
studied:  (1)  With  cheese  cured  at  Madison,  Wis.,  at  a  temperature 
of  60°  to  75°;  (2)  with  cheese  cured  at  New  Orleans,  La.,  and  weighed 
both  at  New  Orleans  *  and  Madison;  (3)  with  cheese  cured  at  New 
Orleans  or  at  Columbus,  Ga.,  and  weighed  both  at  Chicago  and  at 
Madison;  (4)  with  cheese  cured  in  a  warm  room  at  Madison;  and  (5) 
with  cheese  put  in  cold  storage  at  34°  F.  at  Waterloo,  Wis.,  at  differ- 
ent ages  after  parafiining.  So  far  as  possible  duplicate  cheeses  from 
the  same  days'  make  were  cured  in  the  different  ways  stated. 

These  different  methods  of  curing  were  chosen  for  study  as  repre- 
senting (1)  curing  conditions  at  Wisconsin  factories;  (2),  (3),  and  (4) 
conditions  to  which  annually  large  amounts  of  cheese  are  subjected 
when  shipped  south  for  sale;  and  (5)  when  cured  in  cold  storage  as 
commonly  practiced  by  dealers. 

The  shipments  to  New  Orleans  were  sent  on  four  dates  between 
April  29  and  July  24,  1911.  Each  shipment  consisted  of  9  to  25 
pasteurized-milk  cheeses,  and  an  equal  number  of  raw-milk  cheeses 
for  comparison.  In  order  that  the  cheese  stored  might  be  as  repre- 
sentative as  possible,  each  pair  represented  a  different  day's  make. 

For  each  lot  of  cheese  shipped  away  from  Madison  for  storage,  a 
duplicate  lot  from  the  same  days'  make  was  kept  at  Madison.  The 
method  of  designating  these  different  lots  of  cheese  is  shown  in 
Table  25: 

Table  25. — Reference  numhers  to  different  lots  of  cheese  stored  in  1911, 


Date  made. 

Cheese 

N06. 

Cured  at 
Madison. 

Cured  at 
New  Or- 
leans. 

Cured  at 
New  Or- 
leans and 
Columbus, 
Ga. 

Cured  in 
warm  room 
at  Madison. 

Cured  at 

Waterloo, 

Wis. 

Feb.  23  to  Apr.  16 

Apr.  24  to  May  17.... 

May  22  to  June  16 

June  19  to  July  12 

July  13  to  Aug.  21  — 

171  to  207 
211  to  227 
230  to  246 
248  to  263 
264  to  288 

lA 

2A 

3A 

4A 

6A 

IB 

2B 

3B 

4B 

3C 

3D 

4C 

4D 

5E 

In  addition  to  weighing  each  cheese  separately  they  were  also 
"weighed  in  lots  of  five,  and  the  close  agreement  of  the  weight  of  a  lot 

1  The  details  of  the  work  at  New  Orleans  connected  with  the  storage,  weighing,  and  shipping  of  the 
cheese  used  in  this  test  were  handled  by  Mr.  W.  J.  Bleecker,  Junior  dairyman  of  the  Dairy  Division, 
bureau  o(  Animal  Industry.    Thanks  are  due  to  Mr.  Bleecker  for  his  very  careftil  attention  to  this  worl^ 
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of  five  with  the  sum  of  the  five  separate  weights  proved  the  accuracy 
of  the  weighing.  This  general  method  of  double  weighing  was 
followed  in  obtaining  all  the  weights  of  cheese  in  the  14  lots. 

The  tabulated  results  show  the  shrinkage  of  the  different  lots  and 
the  yield  of  green,  paraffined,  and  cured  cheese  per  hundred  poimds 
of  milk.  In  addition  to  the  average  results  for  each  lot  of  cheese, 
the  individual  variations  in  shrinkage  and  yield  of  the  single  cheeses 
are  shown,  from  which  the  extent  of  daily  variations  from  the  general 
average  figures  can  be  studied  by  anyone  interested. 

Cheese  cured  at  Madison  (Jots  lA  to  6 A), — Fifty-two  pairs  of  cheese 
cured  at  60®  to  70®  were  weighed  one  or  more  times  (92  times  in  all)  at 
different  ages,  from  21  to  117  days  after  paraffining.  In  every  case 
there  was  a  gain  in  yield  of  pasteurized  cheese  over  raw  cheese.  The 
gain  averaged  4.59  per  cent  among  10  pairs  of  cheese  cured  20  to  30 
days,  4.58  per  cent  among  37  pairs  of  cheese  cured  30  to  60  days, 
4.38  per  cent  among  28  pairs  of  cheese  cured  60  to  90  days,  and  3.58 
per  cent  among  17  pairs  of  cheese  cured  90  to  117  days.  On  the 
average  of  all  cases  the  gain  in  yield  of  pasteurized  over  raw  was 
4.22  per  cent  of  the  weight  of  the  cheese. 

Tablk  26. — Comparison  of  yield  of  raw  arid  pasteurized-milk  cheese  after  curing  for 

variotis  lengths  of  time  at  Madison j  Wis. 


Weight 

of   cured 

Time 

cheese 

per    100 

Date 
mode. 

cured 

after 

paraffln- 

pounds  of  milk. 

Gain  by 
ixat 

pasteur- 
lon. 

ing. 

Pasteur- 
ized. 

Raw. 

mi. 

Days. 

Pound*. 

Pownds. 

Poundi. 

Percent. 

Apr.  24 
Mar.  20 

21 

9.27 

8.96 

0.31 

3.46 

26 

9.52 

9.06 

.46 

5.08 

21 

26 

9.40 

8.94 

.46 

5.15 

22 

26 

9.37 

9.12 

.25 

2.74 

20 

33 

9.47 

o.  99 

.48 

5.34 

17 

32 

9.87 

9.63 

.24 

2.49 

16 

32 

10.02 

9.96 

.06 

.60 

15 

32 

9.68 

9.38 

.30 

3.20 

14 

32 

10.03 

9.34 

.69 

7.38 

13 

32 

9.72 

8.80 

.92 

10.46 

2 

42 

9.53 

9.36 

.17 

1.81 

7 

42 

9.57 

9.49 

.08 

.84 

8 

42 

9.61 

9.51 

.10 

1.05 

9 

42 

9.55 

9.29 

.26 

2.80 

10 

42 

9.62 

9.09 

.53 

5.83 

Apr.  17 

42 

9.30 

8.73 

.57 

6.54 

18 

42 

9.13 

8.64 

.49 

5.67 

Kay  15 

44 

9.43 

8.89 

.54 

6.07 

17 

44 

9.15 

8.85 

.30 

3.39 

June  13 

44 

9.86 

8.94 

.92 

10.29 

15 

44 

9.70 

9.30 

.40 

4.30 

16 

44 

9.64 

9.04 

.60 

6.64 

Feb.  23 

45 

9.12 

8.63 

.49 

5.67 

24 

45 

9.26 

8.93 

.33 

3.69 

27 

45 

9.51 

9.00 

.51 

5.67 

28 

45 

9.49 

8.99 

.50 

5.56 

Mar.    1 

45 

9.57 

9.08 

.49 

5.39 

2 

45 

9.21 

8.94 

.27 

3.02 

Apr.  11 

50 

9.29 

8.98 

.31 

3.45 

13 

50 

9.06 

8.86 

.20 

2.26 

May   10 

50 

8.95 

8.51 

.44 

5.17 

June    7 

50 

9.19 

8.79 

.40 

4.55 

9 

50 

9.41 

8.58 

.83 

9.67 
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■Comparison  of  meld  of  raw  and  pasteurized-milk  cheese  after  curing  for 
varums  lengths  of  time  at  Madison^  Wi^. — Continued. 


mmM 

Weight 

of   cured 

Time 

• 

cheese 

per    100 

Date 
made. 

cured 

after 

paraffin- 

pounds of  milk. 

Gain  by  pasteui^ 
ization. 

ing. 

Pasteur- 
ised. 

Raw. 

1911. 

Days. 

Pounds. 

Pounds. 

Pounds. 

Percent 

July    3 

51 

9.05 

8.38 

0.67 

8.00 

6 

51 

9.35 

9.21 

.14 

1.52 

June    1 

55 

9.59 

9.49 

.10 

1.05 

2 

55 

9  33 

8.95 

.38 

4.24 

If  ay  29 

55 

9.52 

9.05 

.47 

5.19 

Apr.  25 
li:ay    2 

56 

9.62 

9.07 

.55 

6.06 

58 

9.32 

9.06 

.26 

2.87 

3 

58 

8.82 

8.66 

.16 

1.84 

Apr.    7 
May  25 

56 

9.36 

8.89 

.47 

5.28 

62 

9.19 

8.86 

.33 

3.72 

22 

62 

9.40 

8.74 

.66 

7.55 

26 

61 

9.16 

8.80 

.36 

4.09 

27 

61 

9  38 

8.05 

.47 

5.25 

28 

61 

9.67 

9.35 

.32 

3.42 

19 

66 

9.66 

8.90 

.76 

8.54 

21 

66 

9.16 

8.72 

.44 

5.05 

Apr.  28 

65 

8.97 

8.82 

.15 

1.70 

27 

65 

8.78 

8.10 

.68 

8.40 

24 

65 

9.01 

8.68 

.33 

3.80 

Mar.  10 

68 

9.10 

8.85 

25 

2.82 

21 

68 

9.15 

8.67 

.48 

5.53 

20 

68 

9.15 

8.74 

.41 

4.69 

Apr.  17 

72 

9.03 

8.47 

.56 

6.61 

18 

72 

8.81 

8.34 

.47 

5.63 

Mar.  17 

74 

9.43 

9.28 

.15 

1.62 

16 

74 

9.72 

9.55 

.17 

1.78 

15 

74 

9.34 

9.06 

.28 

3.09 

14 

74 

9.62 

8.99 

.63 

7.01 

14 

74 

9.37 

8.53 

.84 

9.84 

Apr.  13 

80 

8.76 

8.58 

.18 

2.09 

11 

80 

8.98 

8.74 

.24 

2.74 

7 

86 

9.09 

8.68 

.41 

4.72 

5 

86 

9.33 

8.88 

.45 

5.07 

Har.    9 

84 

9.24 

8.94 

.30 

3.35 

8 

84 

9.40 

9.09 

.31 

3.41 

7 

84 

9.39 

9.13 

.26 

2.85 

3 

84 

9.24 

9.02 

.22 

2.44 

2 

87 

8.93 

8.64 

.29 

3.35 

1 

87 

8.97 

8.85 

.12 

1.35 

Feb.  28 

87 

9.25 

8.71 

.54 

6.20 

27 

87 

9.28 

8.78 

.60 

5.69 

24 

87 

8.98 

8.72 

.28 

2.98 

Mar.  20 

98 

8.94 

8.62 

.32 

3.71 

21 

98 

8.95 

8.44 

.51 

6.04 

22 

98 

8.91 

8.69 

.22 

2.53 

17 

104 

9.20 

9.08 

.12 

1.32 

16 

104 

9.61 

9.35 

.16 

1.71 

15 

104 

9  12 

8.92 

.20 

2.24 

14 

104 

9.41 

8.83 

.58 

6.57 

13 

104 

9.14 

8.46 

.68 

8.03 

9 

114 

9.02 

8.72 

.30 

■3.44 

8 

114 

9.14 

8.88 

.26 

2.93 

7 

114 

9.14 

8.93 

.21 

2.35 

3 

114 

9.06 

8.85 

.21 

2.37 

2 

117 

8.80 

8.51 

.29 

3.41 

1 

117 

8.86 

8.75 

.11 

1.25 

Feb.  28 

117 

9.12 

8.63 

.49 

6.67 

27 

117 

9.15 

8.69 

.46 

5.29 

24 
Average. . 

117 

8.79 

8.62 

.17 

1.97 

9.289 

8.907 

.38 

4.22 

Cheese  stored  at  New  Orleans  (lots  IB  to  4B). — Fifty-four  days' 
make  represented  by  54  raw  and  54  pasteurized-milk  cheeses  were 
shipped  to  New  Orleans  in  four  lots  at  different  times  during  the 
season.  These  cheeses  showed  an  increased  yield  for  the  new-process 
cheese,  as  compared  with  the  old,  in  every  case.  The  average 
figures  for  each  lot  are  given  in  Table  27. 
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Table  27. — Average  yield  per  100  pounds  of  milk  of  raw  and  pasieurized-milk  cheeee 

cured  at  New  Orleans, 


Method. 

Num- 
ber of 
days' 
make. 

Yield  of  cheese  per  100  pounds  of  milk. 

Lot 

No. 

Green. 

Paraf- 
fined. 

to  New 

Or- 
leans. 

R^ 

ceived 
at  New 

Or- 
leans. 

Stored 

one 
month. 

Stored 

two 
months. 

Re- 
ceived 

at 
Madi- 
son. 

f  Pastenriied 

25 
25 

Poundf. 
10.19 
9.67 

Powndt. 
9.69 
9.26 

Pounda. 
9.56 
9.16 

Pottndf. 
9.62 
9.14 

Pou.nd». 
8.85 
8.36 

Pcund$. 
8.38 
7.86 

Pouadt. 
8.31 

Raw 

7.78 

IB 

Gain,  pounds 

.62 
6.37 

.43 
4.64 

.39 
4.25 

.38 
4.16 

.49 
5.86 

.63 
6.76 

.53 

Oaln,  percent 

6.61 

fPasteuriied 

9 
9 

9.83 
9.46 

9.40 
9.06 

9.37 
9.05 

9.26 
8.97 

8.48 
8.12 

8.40 

Raw 

8.01 

tB 

Gain,  pounds 

.38 
402 

.32 
3.52 

.32 
3.64 

.29 
3.23 

.36 
4.43 

.39 

Gain,  per  cent 

4.87 

fPasteuriied 

10 
10 

10.47 
9.93 

9.99 
9.64 

9.92 
9.47 

9.77 
9.34 

9.29 

9.17 

Raw ; 

8.69  j 

8.66 

3B 

Gain,  pounds 

.54 
5.44 

.45 
4.72 

.45 
4.76 

.43 
4.60 

.60    

6.90   

.62 

Gaini  per  cent 

7.26 

(Pasteurised 

10 
10 

10.38 
9.60 

9.92 
9.31 

9.83 
9.24 

9.78 
9.19 

8.94 
8.28 

.    8.71 

Raw 

8.14 

4B 

Gain,  pounds 

.60 
7.12 

.61 
6.55 

.59 
6.38 

.69 
6.42 

.  66 
7.97 

.67 

Gain!  per  cent 

7.00 

Pasteurised 

54 
64 

10.22 
9.68 

9.74 
9.29 

9.64 
9.21 

9.67 
9.16 

8.89 
8.37 

8.66 

Raw 

8.03 

1-4B 

Gain,  pounds 

.64 
6.68 

.45 
4.84 

.43 
4.67 

.41 
4.47 

.62 
6.21 

.63 

Gaini  ber  cent 

6.60 

Among  the  four  lots  in  Table  27,  and  in  the  summary  at  the 
bottom  of  the  table,  it  will  be  seen  that  the  percentage  of  gain  in 
yield  of  pasteurized  cheese  over  raw  fell  off  slowly  as  the  green 
cheeses  were  paraffined  and  shipped,  on  the  average  from  5.58  to  4.47 
per  cent.  After  these  cheeses  had  been  in  storage  at  New  Orleans 
for  one  month,  the  raw-milk  cheeses  were  found  to  have  shrunk 
more  than  the  pasteurized  in  the  majority  of  cases,  raising  the  per- 
centage of  gain  in  average  yield  of  pasteurized  cheese  to  6.21  per 
cent.  This  was  also  observed  in  lot  IB  after  the  second  month  of 
storage,  and  is  confirmed  both  by  the  weights  taken  in  New  Orleans 
by  Mr.  Bleecker  and  by  the  weights  taken  at  Madison.  It  was 
expected  that  the  pasteurized-milk  cheese,  containing  slightly  more 
moisture  than  the  raw-milk  cheese,  would  lose  more  in  weight  than 
the  latter  when  stored  at  high  temperatures.  It  was  surprising  to 
find  that  the  reverse  is  true  in  most  cases. 

The  mean  daily  temperature  at  New  Orleans,  as  reported  by  the 
United  States  Weather  Bureau,  varied  from  71,  the  average  for  April, 
to  83,  the  average  for  June.  It  is  likely  that  the  temperature  of  the 
cheese  in  tlie  warehouse  was  somewhat  higher  than  the  average 
figures  given  above,  because  the  warehouse,  although  well  ventilated, 

79994^— Bull.  16&-13 h 
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was  necessarily  open  more  or  less  during  the  hot  days  and  closed 
during  the  cool  nights. 

Cheese  cured  at  New  Orleans  and  at  ColurnbuSy  Ga,  {lots  SC  and 
4.C). — Forty  cheeses,  including  20  pasteurized  and  20  raw,  were 
shipped  in  two  shipments  for  storage  in  the  South  through  a  firm  ^ 
of  cheese  dealers  in  Chicago,  who  weighed  the  cheese,  both  before  and 
after  storage  for  one  month. 

In  the  first  shipment  1  cheese.  No.  243-3,  was  lost  in  transit, 
and  in  the  second  shipment,  2  cheeses,  Nos.  254-1  and  254C1, 
were  damaged  so  that  their  weights  are  not  included  in  the  following 
summary.  In  the  first  shipment,  according  to  the  Chicago  weights, 
9  pasteurized-milk  cheeses  weighed  172)  pounds  before  storage 
and  162}  pounds  afterwards.  The  loss,  10}  p>ounds,  is  5.94  per  cent 
of  the  original  weight.  In  the  same  shipment  10  raw-milk  cheeses 
weighed  189}  pounds  before  shipment  and  175  pounds  afterwards. 
The  loss  here,  14}  pounds,  is  7.53  per  cent  of  the  original  weight. 

In  the  second  shipment  nine  pasteurized-milk  cheeses  weighed 
176i  pounds  before  and  159i  pounds  after  storage.  The  loss,  16f 
pounds,  is  9.49  per  cent  of  the  original  weight  of  the  cheese.  In  the 
same  shipment  nine  raw-milk  cheeses  weighed  161  pounds  before  and 
144f  pounds  after  storage.  The  loss  in  this  case,  16}  pounds,  is 
10.  09  per  cent  of  the  original  weight.  In  both  shipments  the  raw- 
milk  cheese  lost  a  greater  per  cent  of  their  weight  than  the  pasteurized- 
milk  cheese.  On  comparing  the  individual  cheeses  in  pairs,  it  was 
found  that  in  most  cases  the  pasteurized-milk  cheese  lost  less  than 
the  raw-milk  cheese,  although  in  a  few  cases  the  reverse  was  true. 

The  weights  taken  at  Madison  on  the  same  lots  of  cheese  gave  the 
figures  shown  in  Table  28,  agreeing  substantially  with  the  results 
obtained  at  Chicago: 

Table  28. — Average  yield  per  hundred  pounds  of  milk  of  raw  and  pasteurized  milk  cteese 

cured  in  the  South. 


Method. 

Number 

of  days' 

make. 

Weight  of  cheese  per  100  pounds  of  mflk. 

Lot 
No. 

Green. 

Paraf- 
fined. 

Shipped 

from 
Madison. 

Received 

at 
Madison. 

f  Pasteurized 

9 
10 

Pound*. 

10.47 

9.93 

Pound*. 
9.54 

Pounds. 
9.92 
9.46 

Pound*. 
9.24 

Raw 

8. 68 

3C 

Gain  Dounds 

.54 
5.44 

.45 
4.72 

.46 

4.86 

.56 

Gain.  Dcr  cent 

6.44 

Pasteurised 

Raw 

Qaln  DOunds 

9 
9 

4C 

10.38 
9.09 

9.92 
9.31 

9.84 
9.24 

8.83 
8.24 

.69 
7.12 

.61 
6.55 

.60 
6.49 

.59 

Gain  oer  cent 

7.16 

>  We  are  indebted  to  Messrs.  Crosby  it  Meyers  for  their  Idnd  cooperatioo  in  this  work. 
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Cheese  cured  in  a  warm  room  (lots  SD  and  4D) . — To  further  test 
the  effect  of  storage  at  high  temperature  40  cheeses,  lots  3D  and  4D, 
were  put  for  47  days  into  a  warm  curing  room  at  Madison  where  the 
temperature  was  held  at  75®  to  85°. 

Table  29. — Average  yield  j^er  hundred  pounds  of  milk  of  raw  and  pasteurized  milk  cheese 

cured  in  vxarm  room. 


Lot 
No. 


3D 


4D 


Method. 


Pflsteurized. 
Raw , 


Oaiii,poands. 
Gain,  percent. 


r  Pasteurised. 
Raw 


Gain,  pounds. 
Gain,  per  cent . 


Number 

of  days' 

make. 


10 
9 


9 
19 


Weight  of  cheese  per  100  pounds  of  milk. 


Green. 


Pounds. 

10.47 

9.93 


.54 
5.44 


10.38 
9.69 


7.12 


Paraf- 
fined. 


Pounds. 
9. 99 
9.54 


.46 
4.72 


9.92 
9.31 


.61 
6.55 


Putin 
warm 
room. 


Taken 
out  of 
warm 
room. 


Pounds. 
9.91 
9.46 


.45 

4.75 


Pounds. 
9.37 
8.88 


.49 
5.62 


9.85 
9.23 


9.33 
8.73 


.62 
6.72 


.60 
0.87 


From  these  results  with  eight  lots  of  cheese — IB,  2B,  3B,  4B,  3C, 
4C,  3D,  and  4D — it  can  be  stated  with  certainty  that  pasteurized-milk 
cheese  does  not  lose  more  in  weight  than  raw-milk  cheese  when  c^tored 
in  warm  rooms  or  in  the  South,  after  paraffining.  On  the  contrary, 
the  pasteurized-mUk  cheese  lost  on  the  average  a  smaller  percentage 
of  weight  in  warm  storage  than  the  raw-niilk  cheese.  At  first  this 
fact  seemed  inexplicable,  but  the  reason  became  clearly  apparent  from 
inspection  of  the  cheese  kept  in  the  warm  curing  room  at  Madison. 

Within  a  few  days  after  going  into  the  warm  room  the  raw-milk 
cheese  became  very  greasy  on  the  surface,  and  the  grease  running  on 
to  the  shelves  and  the  floor  marked  the  spot  where  each  cheese  stood. 
The  pasteurized-milk  cheese,  standing  alongside  of  them  on  the  same 
shelves,  did  not  exude  grease,  or  only  very  slightly  in  a  few  cases,  and 
the  difference  between  the  greasy  raw-milk  cheese  and  the  dry  surface 
of  the  pasteurized-milk  cheese  was  so  marked  that  there  was  no 
difficulty  in  picking  out  each  kind  by  the  sense  of  touch  alone. 

To  demonstrate  further  the  difference  in  this  respect,  each  cheese 
of  the  last  lot  when  put  into  the  warm  room  was  placed  on  a  piece 
of  wire  gauze  in  a  shallow  tin  pan,  so  that  the  grease  running  from  each 
cheese  could  be  collected.  A  very  little  of  the  paraffin  was  scraped 
from  the  surface  of  each  cheese  by  contact  with  the  wire  gauze  in  the 
bottom  of  the  pan.  The  total  weight  of  material,  practically  all 
paraffin,  collected  from  the  10  pasteurized-milk  cheeses  weighed  0.13  of 
a  pound,  while  the  material,  mostly  fat,  with  a  little  paraffin  and  mold, 
collected  from  the  raw-milk  cheeses,  weighed  1.92  pounds,  which  is 
1.2  per  cent  of  the  weight  of  the  raw  cheese  when  placed  in  the  store- 
room. 
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At  present  we  are  unable  to  explain  with  certainty  why  the  pasteur- 
ized-milk  cheese  should  lose  fat  less  readily  when  stored  at  70°  to  80^ 
than  the  raw-milk  cheese.  Further  study  will  be  made  of  this  phe- 
nomenon. The  purpose  of  beginning  these  studies  of  losses  of  weight 
in  warm  rooms  was  to  determine  whether  the  increased  yield  obtained 
by  pasteurization  would  be  offset  by  increased  locscs  in  weight  when 
pasteurized-milk  cheese  are  shipped  to  the  South,  and  it  is  now  fully 
demonstrated  that  the  pasteurized-milk  cheese  stored  in  the  South 
maintain  their  advi^ntage  as  to  increased  yield. 

Cheese  placed  in  cold  storage  at  Waterloo,  Wis.  (lotSE). — The  losses 
of  weight  observed  in  35  pasteurized-milk  cheeses  put  into  cold 
storage  *  at  34°  at  different  ages  are  shown  in  Table  30.  The  cheese 
represent  seven  days'  make  during  July  and  August,  1911. 


Table  30,—Shrinkag 

e  of  pasteurized-milk  cheese 

in  cold 

Storage, 

AXTKam 

When  put 

When  taken 

i 

Date, 
made. 

Cheese 
No. 

Weight, 
green. 

A 

paraffined. 

intocMd 
storage. 

out  of  cold 
storage. 

Total  shrinkage. 

ge. 

Weight. 

Age. 

Weight. 

Age. 

Weight. 

1911. 

Poundt. 

DafB. 

Pounds. 

Dayt. 

Pounds. 

"Z 

Pounds. 

Pounds. 

Percem. 

July  19 

264-1 

20.60 

9 

19.60 

(«) 

(•) 

18.15 

2.45 

U.TO 

19 

26f-2 

21.11 

1 

20.70 

1 

20.70 

100 

20.38 

.73 

3.45 

19 

284-3 

20.10 

7 

19.21 

7 

19.21 

100 

19.15 

.95 

4.72 

19 

364^ 

21.07 

9 

20.05 

14 

20.04 

100 

19.85 

1.22 

6.79 

19 

204-5 

19.89 

9 

18.90 

28 

18.70 

100 

18.28 

1.61 

8.09 

19 

264-6 

20.45 

9 

19.44 

41 

18.95 

100 

18.65 

1.80 

8.80 

21 

26&-1 

22.49 

8 

21.80 

(«) 

(*) 

99 

20.10 

2.39 

10.62 

21 

26&-2 

17.98 

1 

17.58 

1 

17.58 

99 

17.45 

.53 

2.94 

21 

2A5-3 

20.21 

7 

19.36 

7 

19.35 

99 

19.25 

.96 

4.75 

21 

265-4 

18.86 

8 

17.98 

14 

17.92 

99 

17.76 

1.11 

5.88 

21 

265^ 

19.58 

8 

18.68 

28 

18.42 

99 

18.05 

1.63 

7.81 

21 

265-6 

19.25 

8 

18.40 

28 

18.13 

90 

17.68 

1.57 

8.16 

21 

265-7 

19.75 

8 

18.86 

40 

18.36 

99 

18.10 

1.65 

8.35 

25 

267-1 

20.82 

11 

19.86 

(«) 

.(«) 

95 

18.50 

2.32 

11.14 

25 

287-2 

30.29 

1 

19.95 

1 

19.95 

95 

19.80 

.49 

2.41 

25 

367-3 

19.97 

7 

19.11 

7 

19.11 

05 

18.90 

1.07 

6.35 

26 

367-4 

21.55 

11 

20.58 

14 

20.58 

95 

20.38 

1.17 

6.43 

26 

267-5 

20.23 

11 

19.25 

29 

18.98 

95 

18.58 

1.65 

8.15 

26 

267-6 

22.30 

11 

21.31 

43 

20.62 

95 

20.25 

1.95 

8.78 

27 

269-1 

18.70 

9 

17.80 

(•) 

(") 

93 

16.46 

2.25 

12.03 

27 

269-2 

19.88 

1 

19.45 

1 

19.45 

03 

19.20 

.  .68 

3.42 

27 

269-3 

19.85 

7 

19.01 

7 

19.01 

93 

18.95 

.90 

4.53 

27 

269-4 

20.87 

9 

19.92 

14 

19.92 

93 

19.56 

1.32 

8.32 

27 

269-5 

18.80 

9 

17.91 

27 

17.60 

93 

17.23 

1.58 

8.40 

27 

269-6 

20.22 

9 

19.22 

41 

18.61 

93 

18.25 

1.97 

9.74 

Aug.     1 

272-1 

21.91 

11 

20.65 

(«) 

(•) 

89 

19.00 

2.91 

13.28 

272-2 

19.78 

1 

19.30 

1 

19.30 

80 

19.06 

.73 

3.89 

272-3 

19.40 

7 

18.55 

7 

18.55 

89 

18.22 

1.18 

8.06 

272-4 

21.82 

11 

20.55 

14 

30.65 

89 

20.26 

1.57 

7.19 

272-5 

21.80 

11 

20.57 

29 

20.26 

89 

19.90 

1.90 

8.71 

4 

272-6 

21.75 

11 

20.50 

46 

19.75 

89 

19.50 

2.25 

10.34 

276-1 

,19.90 

11 

18.63 

(«) 

(«) 

81 

17.20 

2.70 

13.66 

8 

276-2 

20.42 

1 

19.96 

1 

19.98 

81 

19.60 

.82 

4.01 

8 

276-3 

20.44 

7 

19.50 

7 

19.50 

81 

19.30 

1.14 

5.57 

8 

276-4 

19.90 

11 

18.66 

15 

18.63 

81 

18.40 

1.50 

7.53 

8 

276-5 

19.70 

11 

18.45 

28 

18.21 

81 

17.75 

1.95 

9.89 

22 
22 

283-1 
283-2 

20.10 
19.90 

'\ 

(•) 
19.50 

67 
67 

18.10 
19.38 

2.00 
.52 

9.95 
2.81 

i* 

"ii.'so' 

22 

283-3 

19.68 

8 

18.81 

8 

18.81 

67 

18.76 

.93 

4.72 

22 

283-4 

.     18.80 

11 

17.90 

15 

17.70 

67 

17.40 

1.40 

7.44 

22 

283-5 

19.84 

11 

18.84 

29 

18.62 

67 

18.45 

1.39 

7.00 

22 

283-6 

18.66 

11 

17.62 

42 

(») 

67 

16.80 

1.85 

9.92 

SUl 

tfMAI<T 

• 

No.  ol  ch< 
Age  wher 

SOSv  •    «    •    a    a 

1 

7 
day. 

1 

7 
week. 

7 
2  weeks. 

4  WC 

7 
«k8. 

6w 

6 
eeks. 

. — _^^^^^ 

7 
In  cellar. 

1  stored. 

Average 

total 

shrinkage, 

percem 

t 

3.23 

5.10 

6.51 

8.29 

9.29 

11.78 

1 

1  In  warehouse  at  Waterloo,  Wis.,  by  courtesy  of  the  Roach  <&  Seeber  Co.  *  Cured  in  cellar. 
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Although  the  seven  cheeses  put  into  storage  at  the  age  of  1  day 
showed  an  average  of  only  3.22  per  cent  shrinkage  after  three  months, 
yet  they  were  not  well  broken  down  and  required  further  curing  at 
60®  to  70®  to  get  rid  of  their  curdy,  lumpy  texture.  The  cheese 
paraffined  and  stored  when  1  week  old  showed  an  average  total 
shrinkage  of  5.10  per  cent,  and  these  were  found  to  be  thoroughly 
broken  down  when  taken  out  of  cold  storage.  This  series  appears 
to  indicate  that  the  quality  of  pasteurized-milk  cheese  is  not  damaged 
by  placing  in  cold  storage  at  the  age  of  1  week,  while  the  shrinkage 
(5.10  per  cent)  is  about  half  that  of  the  duplicate  cheese,  ciired  in 
the  cellar  at  Madison  (11.78  per  cent),  as  shown  at  the  bottom  of 
the  table. 

THE  CAUSES  OF  THE  INCREASED  YIELD  FROM  PASTEURIZED  MILK. 

THE  LOSBSS  OF  FAT  FROM   VAT  AND  PRESS. 

The  increased  yield  of  green  cheese  from  pasteurized  milk,  amount- 
ing to  over  5  per  cent  (Table  20),  is  due  partly  to  the  fact  that  about 
half  of  the  fat  lost  in  the  whey  and  drippings  by  the  old  process  is 
retained  in  the  cheese  by  the  new  process  of  making.  Also  it  is 
found  that  a  little  more  moisture  can  safely  be  incorporated  in  the 
new-process  cheese  without  danger  of  spoiling  it,  but  on  the  contrary 
giving  it  a  moist,  fat  appearance  which  consumers  generally  like. 
The  loss  of  fat  in  the  whey  is  caused  partly  by  the  passage  of  the 
curd  knives  through  the  curd  in  cutting,  at  which  time  a  considerable 
proportion  of  fat  is  brushed  away  from  the  surface  of  the  curd  cubes. 
During  the  stirring  and  heating  some  further  fat  globules  are  lost 
from  the  curd  cubes,  and  still  further  losses  occur  after  milling  and 
during  pressing.  In  the  new  process  of  making  cheese  from  pasteur- 
ized milk  the  curd  is  so  firm  and  elastic  (not  brittle)  at  the  time  of 
cutting  that  the  loss  of  fat  in  the  whey  averages  only  about  one-half 
that  observed  in  cheese  making  by  the  ordinary  process. 

The  average  fat  content  of  whey  from  good  clean  milk  is  stated  to 
be  0.30  per  cent  and  from  average  cheese  factory  milk  0.36  per  cent.* 
On  a  great  many  days  during  the  past  two  and  one-half  years  the 
milk  supply  in  the  receiving  vat  has  been  divided  and  one  half  made 
up  by  the  regular  methods  and  the  other  half  by  the  new  method. 
ITie  quality  and  composition  of  the  milk  was  thus  the  same  in  both 
vats.  On  the  24  days  listed  in  Table  31  the  average  fat  content  of 
the  whey  from  the  regular  vats  was  0.25  per  cent  and  from  the 
pasteurized-milk  vats  was  0.159  per  cent. 

A  Vaa  Slyke  and  Publow,  loc.  ciU,  pp.  189, 190. 
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■Comparison  of  the  percentage  of  fat  in  whey  by  new  method  and  by  regular 

method  of  cheese  making. 


Date. 

Fat  in 
mQk. 

New  method. 

Regular  method. 

Weight 

of  milk 

naed. 

Fat  in 
whey 
when 

drawn. 

Weight 

ofmUk 

used. 

Fat  in 

whey 

when 

drawn. 

mi. 

Perct. 

Pounda. 

Percent. 

Pounda. 

Percent. 

Au«.  29 

4.1 

294) 

0.14 

290 

0.17 

30 

3.6 

344 

.14 

344 

.26 

Sept.   1 

322 

.16 

320 

.20 

5 

4.6 

29U 

.17 

292 

.28 

6 

3.6 

276 

.19 

276 

.32 

7 

4.1 

286) 

.18 

2864 

.32 

8 

292 

.18 

796 

.26 

1909. 

July  21 

4.0 

200 

.15 

200 

.21 

22 

3.9 

200 

.12 

200 

.20 

23 

4.0 

20O 

.15 

200 

.19 

24 

4.0 

200 

.12 

200 

.22 

Aug.  12 

3.7 

200 

.16 

900 

.26 

1908. 

July   18 

4.1 

200 

.12 

200 

.22 

Oct.     1 

4.7 

200 

.20 

200 

.30 

2 

4.5 

200 

.18 

200 

.29 

7 

4.4 

200 

.14 

200 

.19 

8 

4.0 

200 

.15 

200 

.25 

Sept.   1 

4.3 

200 

.17 

200 

.32 

2 

4.2 

200 

.18 

200 

.30 

14 

4.2 

200 

.18 

200 

.24 

16 

4.0 

yjo 

.13 

200 

,27 

17 

4.4 

200 

.19 

200 

.29 

18 

4.4 

200 

.18 

200 

.25 

19 
Average.. 

4.2 

200 

.17 

200 

.23 

.159 

.25 

In  these  cases  the  small  amount  of  milk  handled  in  each  vat  per- 
mitted hand  stirring,  and  neither  the  rake  nor  the  agitator  was  used. 
By  this  means  the  whey  fat  of  the  regular-process  vats  was  kept  at  a 
lower  figure,  perhaps,  than  could  have  been  done  with  large  vats, 
as  handled  in  a  commercial  factory  using  the  regular  process. 

On  22  days,  using  1,200  to  2,000  pounds  of  pasteurized  milk  in 
each  vat,  the  percentage  of  fat  in  the  whey  at  the  time  of  drawing 
the  whey  averaged  0.17  per  cent,  as  shown  in  the  following  table. 
In  these  cases  the  vats  were  stirred  with  an  agitator. 

Table  32. — Fat  content  of  whey  from  pasteurized-milk  cheess* 


Date. 

Fat  in 
whey  two 
hours  after 

cutting. 

WeiRht 

of  mUk 

handled. 

Weight 
of  cheese. 

1910. 

May  25 

26 

27 

June    1 

6 

7 

8 

9 

10 

Percent. 
0.14 
.16 
.18 
.17 
.12 
.15 
.14 
.18 
.17 

Pounda. 
1,234 
1,322 
1,337 
1,578 
2,061 
1,427 
1,431 
1,360 
1,448 

Pounda. 
139 
153 
144 
166 
226 
159 
158 
147 
162 
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Table  32. — Fal  contenl  of  whey  from  pasteurized-milk  cheese — Continued. 


Date. 

Fat  in 

whey  two 

hsurs  alter 

cutting. 

Weight 

of  milk 

handled. 

Weight 
of  cheese. 

1910. 

June  14 
16 
17 
20 
21 
22 
23 
24 
28 
29 
30 

July  5 
6 

Average.. 

Per  cent. 
0.20 
.20 
.20 
.20 
.23 
.14 
.16 
.18 
.24 
.14 
.17 
.18 
.14 

Pounds. 
1,398 
1,165 
1,320 
1,588 
1,292 
1,347 
1.329 
1,337 
1,277 
1,210 
1,243 
1,242 
1,229 

Pounds. 
148 
126 
152 
170 
144 
144 
139 
139 
130 
130 
131 
125 
134 

.17 

Most  of  the  loss  of  fat  from  curd  occurs  at  the  moment  of  cutting, 
as  shown  by  the  figures  m  Table  33.  On  23  days  samples  of  whey 
were  taken  daily  from  the  vat  as  soon  after  cutting  as  it  was  possible 
to  obtain  any  clear  whey — that  is,  in  four  to  six  minutes.  Tlie  fat 
content  of  this  whey,  sampled  five  minutes  after  cutting,  tested  0.47 
per  cent  on  the  average  of  23  days,  wliile  the  average  test  of  samples 
taken  from  the  same  vats  two  hours  after  cutting  was  0.16  per  cent. 
The  average  weight  of  milk  handled  daily  in  the  vat  was  1,110 
pounds,  and  the  average  fat  test  of  the  milk  was  4  per  cent. 

Table  33. — Fal  content  of  whey  at  time  ofcuttinp  curd  and  S  hours  later. 


Time  alter  eutt.ng 
curd. 

] 

Date. 

Weight 

of  milk 

handled. 

Weight 
of  cheese. 

4  to  6 

2 

minutes. 

hours. 

1910. 

%/at' 

7c  fat. 

Pounds. 

Pounds. 

Apr.    8 

0.45 

0.16 

1,011 

102 

12 

.46 

.19 

1.011 

104 

13 

.40 

.15 

967 

98 

14 

.40 

.14 

1,045 

108 

16 

.50 

.12 

1,001 

100 

18 

.35 

.13 

093 

103 

19 

.55 

.22 

906 

97 

22 

.40 

.16 

755 

77 

25 

.42 

.19 

1,065 

117 

26 

.52 

.17 

940 

103 

27 

.52 

.16 

1,004 

109 

28 

.57 

.15 

972 

102 

29 

.45 

.14 

796 

102 

May     3 

.65 

.16 

1,041 

122 

4 

.67 

.16 

1,055 

118 

5 

.52 

.17 

1,119 

129 

6 

.50 

.20 

917 

97 

10 

.52 

.16 

1,288 

141 

11 

.50 

.15 

1.285 

138 

18 

.35 

.15 

1.239 

137 

19 

.40 

.14 

1.186 

130^ 

23 

.25 

.12 

2.477 

268 

24 
Average.. 

.45 

.19 

1,454 

154 

.47 

.16 

1.110 

119.8 
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The  reason  for  the  decrease  in  percentage  of  fat  in  whey  at  two 
hours  after  cutting  is  that  there  was  little  fat  lost  from  the  curd 
during  the  time  the  whey  was  being  expelled,  so  that  the  fat  lost 
from  the  curd  cubes  at  the  moment  of  cutting  was  diluted  about  0.47 
divided  by  0.16  =  3  times  by  the  water  expelled  from  the  curd  during 
the  two-hour  period. 

Losses  of  fat  after  drawing  the  whey. — On  several  days  the  whey 
drippings  from  the  pasteurized-milk  curd,  from  the  time  the  curd 
was  all  on  the  rack  up  to  the  time  when  it  was  taken  from  the  press, 
were  collected,  weighed,  and  tested  for  fat.  From  this  could  be  cal- 
culated the  weight  of  fat  lost  in  the  drippings,  as  shown  in  Tables  34, 
35,  and  36: 

Table  34. — Losa  of  fat  in  drippings  in  t  hours  and  50  minutes — From  dipping  to 

hooping — Pastevrized'Tnilt  curd. 


Data. 

Total 
weight  of 
dripplnfis 
coliieted. 

Fat  in  drippings. 

Wflight 

of  cheese 

made. 

1910. 
Apr.  12 
13 
14 
16 
18 
19 
20 
21 
22 
26 

ToUl 

Pounds. 
29 
28 
31 
33 
21 
26 
» 
25 
21 
24 

Percent. 
0.27 
.27 
.30 
.25 
.20 
.10 
.15 
.18 
.12 
.20 

Pound. 
0.078 
.076 
.093 
.082 
.042 
.026 
.030 
.046 
.026 
.048 

Pounds. 

104 

98 

108 

100 

103 

97 

9U 

77 
117 

258 

.  044 

991 

Table  ^.—Losses  of  fat  in  drippings  before  pressing  pasteurized-milk  curd». 


Drippings  in  1|  hours— dip- 

Drippings in  1)  hours— mill- 

Date. 

ping  to  milling. 

ing  to  hooping. 

Weight 
of  cheese. 

Weight. 

Fat  content. 

Weight. 

Fat  content. 

1910. 

Pounds. 

Percent. 

Pound. 

Pounds. 

PercenL 

Pound. 

Pounds. 

Apr.      27 

35 

0.02 

0.007 

6.0' 

1.8 

0.090 

109 

28 

24 

.06 

.012 

6.0 

1.8 

.090 

102 

29 

24 

.02 

.050 

3.0 

1.8 

.054 

84 

Hay       3 

26 

.08 

.020 

2.6 

1.8 

.045 

122i 

4 

25 

.06 

.012 

1.5 

.6 

.009 

118 

5 

29 

.07 

.020 

3.0 

1.7 

.051 

120 

10 

26 

.07 

.018 

4.0 

1.2 

.048 

141 

U 

24 

.07 

.017 

3.0 

1.6 

.048 

1371 

13 

25 

.16 

.040 

3.0 

2.0 

.060 

103 

18 

24 

.06 

.014 

4.5 

2.0 

.090 

137 

19 

25 

.06 

.012 

5.0 

1.4 

.070 

126 

23 

38 

.04 

.015 

9.0 

1.6 

.135 

268 

24 

Total 

Cal cu • 

26 

.14 

.036 

6.0 

2.0 

.100 

162 

350 

.273 

63.5 

.890 

1,738 

iated  for 

10  lbs.  of 

% 

cheese 

2.01 

.00157 

.3078 

.00612 

1 

CAUSES  OF  INCREASED  YIELD. 


Y3 


Table  36. — Loss  of  fat  in  drippings  from  pasteurized-milk  cheese  in  preu. 


Date. 

Total 

weight 

of  cheese 

pressed. 

Total 
weight  of 
drippings. 

Fat  in  drippings. 

1010. 
May  16-20 
23-27 

Total 

C  a  1  c  u  - 
lated  for 
10  lbs.  of 
cheese  .. 

Pound*. 

808 
873 

Poundt. 
24 
32 

PerceM. 
3.85 
3.2 

Pounds. 
0.02 
1.02 

1,661 

66 
.33 

1.94 
.0115 

Summary  of  losses  of  fat  by  the  new  method  of  cheese  m/iking. — The 
total  loss  of  fat  from  cheese  in  the  new  process  is  about  1.6  per  cent 
of  the  weight  of  the  cheese,  as  shown  in  the  following  summary  of 
the  preceding  tables: 

Table  37. —  Total  losses  offal  in  making  10  pounds  of  cheese  from  pasteurized  milk. 


Period. 


Whey  when  drawn , 

Drippings  fh>m  curd  before  milling 

Drippings  from  curd  in  vat  after  milling 
Drippings  trom  press 

Total 


Total, 
weight. 


Pounds. 

S7.4 

2.01 

.31 

.33 


90.05 


Fat  content. 


Percent. 

0.16 

.08 

1.66 

3.46 


Pound. 

0.1400 

.0016 

.0061 

.115 


.1583 


Loss  of 
ftitftom 
cheese. 


Percent. 

L400 

.010 

.051 

.115 


1.583 


The  average  total  loss  of  fat  from  100  pounds  of  milk  handled  by 
the  new  process  of  cheese  making  is  seen  to  be  on  the  average  0.158 
pounds  of  fat,  or  a  little  less  than  4  per  cent  of  the  total  fat  content 
of  milk  containing  4  per  cent  fat.  The  loss  of  fat  from  100  pounds 
of  milk  in  ordinary  cheese  making  under  average  factory  conditions 
has  been  found  to  amount  to  0.33  of  a  pound  of  fat,  or  0.36  per  cent 
of  fat  in  the  whey,  or  9  per  cent  of  the  total  fat  content  of  the  milk.* 

It  will  be  seen  from  these  figures  that  the  loss  of  fat  is  reduced  to 
less  than  one-half  by  the  new  process  of  cheese  making.  It  might 
be  expected  from  this  statement  that  each  day's  make  of  pasteurized- 
milk  cheese  tested  by  the  Babcock  test  would  show  a  higher  percentage 
of  fat  than  the  same  day's  raw-milk  cheese.  In  Table  38,  however, 
it  is  seen  that  in  15  cases  out  of  21  the  pasteurized-milk  cheese  tested 
lower  in  fat  (0.65  per  cent  lower  on  the  average)  than  the  raw-milk 
cheese. 

THE   INCREASED   MOISTURE   CONTENT   OF  PASTEURIZED-MILK  CHEESE. 

This  is  due  to  the  fact  that  there  is  an  increased  content  of  moisture 
as  well  as  of  fat  in  the  new-process  cheese,  and  in  most  cases  the  in- 
crease  of  moisture  is  greater  than  the  increase   of  fat.     On   this 


1  Van  Slyke  and  Publow,  k)c.  dt.,  p.  180. 
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account  the  moisture  content  of  pasteurized  cheese  listed  in  the 
table  «below  is  greater  than  that  of  the  raw-xnilk  cheese  in  29  cases 
out  of  33,  and  the  average  percentage  was  1.68  greater. 

The  cheeses  hsted  in  the  table  were  the  same  as  those  in  Table  26, 
and  the  testing  for  fat  and  moisture  was  done  immediately  after  the 
last  weights  had  been  taken  for  the  determination  of  yield  and 
shrinkage.  The  samples  of  cheese  weighed  into  the  Babcock  test 
bottles  were  rapidly  dissolved  in  a  mixture  of  hot  water  and  sul- 
phuric acid,  as  suggested  by  one  of  us  in  a  previous  paper .^ 

Table  38. — Comparison  of  the  fat  and  moisture  content  of  raw  and  pasteurized  milk 

cheese  cured  at  Madison. 


Date. 

Moisture  content  of  cheese. 

1 

Fat  content  of  cheese 

■ 

Pasteur- 
ized. 

Raw. 

Difference. 

Pasteur-* 
ixed. 

Raw. 

Difference. 

1911. 

Flib.  24 

27 

28 

Mar.     1 

2 

3 

7 

8 

9 

10 

13 

14 

15 

16 

17 

20 

21 

22 

Apr.    5 

11 

13 

17 

18 

24 

27 

28 

May     2 

3 

8 

10 

15 

17 

Average.. 

Peret, 
30.50 
33.55 
32.52 
32.55 
31.60 
31.05 
31.90 
32.37 
32.77 
32.45 
33.15 
33.51 
31.62 
33.40 
34.15 
32.72 
32.90 
34.00 
34.10 
34.52 
32.90 
31.78 
33.47 
33.55 
32.28 
31.80 
34.17 
32.63 
31.02 
32.87 
31.65 
33.47 
31.87 

Peret. 
30.15 
30.15 
30.05 
31.25 
30.75 
31.47 
29.75 
30.17 
31.32 
31.45 
30.00 
31.96 
30.90 
30.87 
33.22 
31.58 
30.10 
32.20 
32.25 
31.92 
31.97 
30.17 
31.55 
30.15 
32.68 
32.70 
33.22 
31.25 
30.87 
31.05 
30.45 
32.25 
32.58 

-\-PeTct. 
0.35 
3.40 
2.47 
1.30 
.85- 

-Peret. 

Peret. 
38.86 

Peret. 
39.10 

-Per  ct. 
0.24 

■{■Peret. 

0.42 

2.15 
2.20 
1.45 
1.00 
3.15 
1.56 

.72 
2.53 

.93 
1.14 
2.80 
1.80 
1.85 
2.60 

.93 
1.61 
1.92 
3.40 

37.44 
37.99 
38.61 

38.16 
38.16 
38.04 

.72 
.17 

0  57 

38.28 
38.61 
38.01 

38.36 
38.39 
37.97 

.08 

.22 
.04 

•• 

36.93 
36.56 

37.09 
36.85 

.16 
.29 

36.84 
36.81 
38.22 
39.18 
38.64 
37.93 
39.55 
40.68 
37.97 
39.28 
37.97 
38.10 

37.02 
37.94 
39.96 
38.86 
38.66 
39.08 
40.68 
41.43 
39.06 
39.27 
38.66 
37.67 

.18 
1.13 
1.73 

.40 
.90 

.32 

.02 
1.15 
1.13 

.75 
1.09 

.95 
1.38 

.15 
1.82 
1.20 
1.22 

.01 

.69 

.71 

.43 

.. 

32.60 

31.28 

1.68 

.61 

38.21 

38.59 

.66 

.26 

The  combined  effect  upon  the  percentage  composition  of  cheese 
caused  by  increasing  both  the  fat  and  moisture  content  is  shown  in 
the  following  example: 

Ten  pounds  of  raw-milk  cheese  of  the  same  average  percentage 
composition  as  in  Table  38,  as  shown  at  I,  below,  would  contain  the 
weights  of  fat,  moisture,  and  casein,  etc.,  shown  at  II.  If  by  pas- 
teurization the  fat  content  of  the  cheese  is  increased  about  4  per  cent 
of  itself,  and  the  moisture  content  is  increased  about  \2\  per  cent  of 
itself,  there  will  be  obtained  10.54  pounds  of  pasteurized-milk  cheese 

1  Sammls,  J.  L.    The  determination  of  fat  In  cheese  by  the  Baboock  test.    Journal  of  Industrial  and 
Engineering  Chemistry,  vol.  1,  no.  8,  p.  604.    Easton,  Pa.,  Aug.,  1909. 
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as  shown  at  III  instead  of  10  pounds  of  raw-milk  cheese,  a  theoretical 
gain  of  5.4  per  cent  in  the  yield  of  cheese.  (The  actual  gain  shown 
in  Table  20  was  5.37  per  cent.)  The  percentage  composition  of  this 
pasteurized  cheese  will  be  as  shown  at  IV,  which  agrees  closely  with 
the  average  composition  of  the  pasteurized-milk  cheese  shown  at  the 
bottom  of  Table  38. 

I.                   II.                                     III.  IV. 
Fat 38.59  per  cent.  3.859  pound8+0.154  pouiid8s4.013  pounds.  38.07  per  cent- 
Moisture.  .  31.28  per  cent.  3.128  pound8-|-0.391  pounds»=3.519  pounds.  33.37  per  cent. 
Casein^etc.  30.13  per  cent.  3.013  pounds+ pounds=»3.013  pounds.  28.57  per  cent. 

100.00  per  cent.  10.000  pounds.  10.545  pounds.  100.00  per  cent. 

The  increased  moisture  content  of  pasteurized-milk  cheese  made 
by  this  process  is  due  to  the  effect  of  pasteurization  on  the  properties 
of  curd,  as  stated  on  page  25. 

THE  QUALITY  OF  PASTEURIZED-MILK   OHEESE. 
SCORES  AND  CRrriCISMS  OF  PASTEURIZED  AND  RAW  MILK  CHEESE. 

The  milk  supply  used  at  Madison  is  no  better  than  the  average 
cheese-factory  milk.  Sunday's  nulk  is  deUvered  on  Monday  through- 
out the  year  and  is  therefore  inferior  to  that  of  the  other  days.  Cheese 
from  every  day's  make  during  the  season  was  scored  by  two  judges, 
Mr.  U.  S.  Baer,  assistant  dairy  and  food  commissioner  of  the  State  of 
Wisconsin,  and  Mr.  A.  T.  Bruhn,  junior  dairyman,  United  States 
Department  of  Agriculture,  who  during  the  past  year  have  scored  the 
cheese  sent  to  the  monthly  scoring  exhibition,  conducted  by  the 
Wisconsin  Experiment  Station.  The  judges  worked  independently 
and  pinned  their  scoresheets  to  each  cheese  without  knowing  even  the 
numbers  of  the  cheese,  which  were  turned  toward  the  wall.  Their 
scores  show  close  agreement  with  each  other  in  most  cases  and  leave 
no  doubt  as  to  the  relative  quality  of  the  cheese  scored.  After 
finishing  about  20  of  the  cheeses,  they  turned  them  around  and  added 
the  cheese  numbers  to  the  sheets.  In  general,  a  score  of  92  or  above 
indicates  that  the  cheese  is  of  good  quaUty  and  salable  at  full  market 
price.  A  cheese  scored  below  92  is  likely  to  be  cut  in  price  in  a  dull 
market.  Tables  39  to  46  show  the  scores  of  both  judges  as  weU  as 
the  average  scores,  which  latter  are  used  in  the  discussion.  Raw-milk 
cheese  is  in  all  cases  indicated  by  the  letter  C  attached  to  the  serial 
number. 

CHEESE   CURED  AT  MADISON   AT  NORMAL  TEMPERATURE. 

Lota  lAy  2Aj  3A,  and  4A, — These  lots  include  53  pairs  of  cheese 
cured  in  the  cellar  at  Madison.  The  temperature  of  the  curing  room 
showed  daily  about  3®  to  5°  difference  between  maximum  and  mini- 
mum and  ranged  from  60°  to  73°  from  February  to  July,  1911.  By 
opening  the  windows  at  night  only,  it  was  kept  at  60°  to  70°  from 
July  to  October. 
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Ihe  scores  of  the  53  pairs  of  cheese  are  as  shown  in  Table  39. 
The  average  score  of  all  the  pasteurized-milk  cheese  is  92.75  and  of 
the  raw-milk  cheese  89.09. 

Table  39. — Scores  o/SS  pairs  of  raw  and  pastewriud  cheese  (lots  lA,  2 A,  SA,  and  4 A) 

cured  at  Madison, 


LOTS  U  AND  2A,  SOOBKD  JULT  17,  1911. 

Tem- 
pera- 
ture of 

Data 

Cbeeee 

Scored  by  U.S.  Baer. 

Scored  by  A.  T. 

Brutan. 

Average. 

curiuK 

room 

8  a.m. 

made. 

No.» 

Fla- 
vor. 

Tex- 
ture. 

ToUl. 

Flavor. 

Tex- 
ture. 

Total. 

Flavor. 

Tex- 
ture. 

Total. 

•F. 

1911. 

Feb.  24 

172 

41.0 

26.0 

92.0 

40.0 

26.5 

91.5 

40.50 

26.25 

01.75 

24 

172C 

37.0 

27.0 

89.0 

38.0 

27.0 

90.0 

37.50 

27.00 

88.50 

27 

173 

43.0 

28.5 

96.5 

42.5 

28.0 

95.5 

42.75 

28.25 

96.00 

27 

173C 

38.0 

27.0 

90.0 

40.0 

27.0 

92.0 

39.00 

27.00 

91.00 

28 

174 

41.0 

27.0 

99.0 

41.0 

27.6 

93.5 

41.00 

27.25 

93.36 

28 

174C 

39.0 

26.0 

90.0 

39.0 

26.5 

90.5 

39.00 

26.26 

90.25 

Mar.     1 

175 

41.0 

27.0 

93.0 

40.0 

26.0 

91.0 

40.50 

26.60 

92.00 

1 

175C 

40.0 

36.0 

91.0 

40.0 

26.5 

91.6 

40.00 

26.25 

91.25 

2 

176 

40.0 

28.0 

93.0 

41.0 

27.0 

93.0 

40.50 

27.60 

93.00 

2 

176C 

37.0 

27.0 

89.0 

39.0 

27.0 

91.0 

38.00 

27.00 

90.00 

3 

177 

40.0 

27.0 

92.0 

40.0 

26.5 

91.5 

40.00 

26. 7S 

91.75 

3 

177C 

38.0 

26.0 

80.0 

38.0 

26.0 

89.0 

38.00 

26.00 

80.00 

7 

178 

40.0 

26.0 

01.0 

40.0 

27.0 

92.0 

40.00 

26.50 

91.50 

7 

178C 

38.0 

27.0 

90.0 

39.0 

27.0 

91.0 

38.60 

27.00 

90.50 

8 

179 

40.0 

27.0 

92.0 

41.0 

27.6 

03.5 

40.50 

27.25 

92.75 

8 

179C 

35.0 

26.0 

80.0 

38.0 

26.0 

89.0 

36.50 

26.00 

87.50 

9 

180 

41.0 

26.0 

92.0 

41.0 

27.0 

OS.O 

41.00 

26.50 

92.50 



9 

IFOC 

39.0 

26.0 

90.0 

40.5 

26.5 

92.0 

39.75 

26.25 

91.00 

10 

IHl 

41.0 

26.0 

92.0 

42.0 

27.0 

94.0 

41.50 

26.50 

98.00 

10 

181C 

38.0 

27.0 

90.0 

39.0 

26.5 

90.5 

38.50 

26.75 

90.25 

13 

182 

40.0 

27.0 

92.0 

41.0 

27.0 

93.0 

40.50 

27.00 

92.50 

13 

182C 

41.0 

26.0 

92.0 

40.0 

27.0 

92.0 

40.50 

26.50 

92.00 

14 

183 

40.0 

26.0 

91.0 

40.0 

26.6 

91.5 

40.00 

26.26 

91.25 

14 

183C 

40.0 

27.0 

92.0 

40.0 

26.5 

91.5 

40.00 

26.75 

91.75 

15 

184 

40.0 

26.0 

91.0 

41.0 

27.0 

•3.0 

40.50 

26.50 

92.00 

15 

184C 

40.0 

27.0 

92.0 

41.5 

27.0 

93.5 

40.75 

27.00 

92.75 

60 

16 

185 

40.0 

26.0 

91.0 

41.6 

27.0 

93.5 

40.75 

26.50 

92.25 

16 

l.«5C 

35.0 

26.0 

86.0 

41.0 

27.0 

93.0 

38.00 

26.50 

89.50 

82 

17 

186 

42.0 

28.0 

96.0 

41.0 

26.5 

92.5 

41.50 

27.25 

93.75 

17 

186C 

41.0 

28.0 

94.0 

41.0 

27.0 

98.0 

41.00 

27.50 

93.50 

63 

20 

187 

43.0 

27.0 

96.0 

41.0 

26.0 

92.0 

42.00 

26.50 

93.50 

20 

187C 

35.0 

25.0 

85.0 

39.0 

26.5 

90.5 

37.00 

25.75 

87.75 

66 

21 

188 

43.0 

28.0 

96.0 

41.0 

27.0 

93.0 

42.00 

27.50 

94.50 

21 

188C 

38.0 

26.0 

W.O 

40.0 

27.0 

92.0 

39.00 

26.50 

90.50 

66 

22 

189 

43.0 

27.0 

95.0 

42.0 

28.0 

95.0 

42.50 

27.50 

95.00 

22 

IfftH.^ 

39.0 

27.0 

91.0 

40.0 

27.0 

92.0 

39.50 

27.00 

91.50 

62 

Apr.    5 

198 

43.0 

27.0 

96.0 

42.0 

28.0 

95.0 

42.50 

27.50 

96.00 

5 

198C 

41.0 

27.0 

93.0 

41.5 

28.0 

94.5 

41.25 

27.50 

93.75 

7 

200 

42.0 

27.0 

94.0 

42.0 

27.0 

94.0 

42.00 

27.00 

94.00 

64 

7 

200C 

35.0 

25.0 

85.0 

40.0 

26.0 

91.0 

37.50 

25.50 

88.00 

11 

202 

42.0 

26.0 

93.0 

42.5 

27.0 

94.5 

42.25 

26.50 

93.75 

11 

202C 

39.0 

26.0 

90.0 

40.0 

27.0 

92.0 

39.50 

26.50 

91.00 

13 

204 

41.0 

27.0 

93.0 

42.0 

28.0 

95.0 

41.50 

27.50 

94.00 

13 

204C 

39.0 

26.0 

90.0 

40.0 

27.0 

92.0 

39.50 

26.50 

91.00 

17 

206 

41.0 

27.0 

93.0 

41.0 

27.0 

93.0 

41.00 

27.00 

93.00 

17 

206C 

40.0 

25.0 

90.0 

38.0 

25.0 

87.0 

39.00 

25.00 

88.50 

IK 

207 

43.0 

26.0 

94.0 

41.5 

27.0 

93.5 

42.25 

26.50 

93.75 

18 

207C 

42.0 

25.0 

92.0 

40.0 

25.0 

90.0 

41.00 

25.00 

91.00 

24 

211 

43.0 

26.0 

94.0 

42.0 

27.0 

94.0 

42.50 

26.50 

94.00 

24 

21 IC 

39.0 

25.0 

89.0 

39.0 

27.0 

91.0 

89.00 

26.00 

90.00 

27 

214 

40.0 

25.0 

90.0 

42.5 

27.0 

94.5 

41.25 

36.00 

92.35 

27 

214C 

37.0 

24.0 

86.0 

37.0 

26.0 

88.0 

37.00 

25.00 

87.00 

28 

215 

42.0 

27.0 

94.0 

42.0 

27.0 

94.0 

42.00 

27.00 

94.00 

CO 

28 

215C 

37.0 

25.0 

87.0 

38.0 

26.0 

89. 0 

37.50 

25.50 

88.00 

May     2 

216 

41.0 

26.0 

92.0 

40.5 

26.0 

91.5 

40.75 

26.00 

91.75 

58 

9 

216C 

37.0 

25.0 

87.0 

38.0 

26.0 

89.0 

87.50 

25.50 

88.00 

3 

217 

42.0 

28.0 

95.0 

41.5 

27.0 

93.5 

41.76 

27.60 

94.26 

(^ 

3 

217C 

37.0 

25.0 

87.0 

40.0 

28.0 

91.0 

38.50 

25.50 

89.00 

8 

220 

41.0 

27.0 

93.0 

42.0 

27.0 

94.0 

41.50 

27.00 

93.50 

62 

8 

220C^ 

34.0 

25.0 

84.0 

39.0 

25.0 

89.0 

36.50 

25.00 

86.50 

10 

222 

40.0 

25.0 

90.0 

40.0 

27.0 

92.0 

40.00 

26.00 

91.00 

b3 

10 

222(^ 

37.0 

25,0 

87.0 

40.0 

26.0 

91.0 

38.50 

25.50 

89.00 

15 

225 

40.0 

2«.0 

91.0 

42.0 

28.0 

95.0 

41.00 

27.00 

93.00 

64 

15 

225(^ 

38.0 

26.0 

89.0 

39.0 

27.0 

91.0 

38.50 

26.50 

90.00 

17 

227 

41.0 

26.0 

92.0 

41.0 

27.0 

93.0 

41.00 

26.50 

92.50 

67 

17 

227C 

35.0 

24.0 

84.0 

37.0 

25.0 

87.0 

36.00 

24.50 

85.50 

"C"  In  this  column  Indicates  raw-milk  cheese. 
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Table  39. — Scores  of  53  pairs  of  raw  and  pasteurized  cheese  {lots  lA,  2  A,  SA^  and  4  A) 

cured  at  Madison — Continued. 

LOT  3a,  scored  AUOUIT  14,  1911. 


Tem- 
pera- 
ture of 
curing 
room 
8  a.  m. 

Date 
made. 

Cheese 
No.» 

Scored  by  U.  8.  Baer. 

Scored  by  A.  T.  Bruhn. 

Average. 

Fla- 
vor. 

Tex- 
ture. 

Total. 

Flavor. 

Tex- 
ture. 

Total. 

Flavor. 

Tex- 
ture. 

Total. 

•F. 
67 

66' 

66* 

66' 

66' 

70' 

68* 

66' 

"■*'f.6" 

1011. 

May  23 

22 

25 

25 

29 

29 

June    1 

1 

2 

2 

7 

7 

9 

9 

13 

13 

15 

15 

16 

16 

280 
230C 

233 
233C 

234 
234C 

237 
237C 

238 
238C 

240 
240C 

242 
242C 

243 
243C 

245 
245C 

246 
246C 

43.0 
40.0 
41.0 
38.0 
43.0 
39.0 
42.0 
35.0 
40.0 
37.0 
40.0 
33.0 
39.0 
39.0 
40.0 
38.0 
41.0 
37.0 
40.0 
40.0 

27.0 
26.0 
25.0 
25.0 
27.0 
25.0 
27.0 
25.0 
26.0 
36.0 
27.0 
25.0 
27.0 
26.0 
27.0 
25.0 
27.0 
26.0 
27.0 
26.0 

96.0 
91.0 
91.0 
88.0 
94.0 
80.0 
94.0 
85.0 
91.0 
88.0 
92.0 
83.0 
91.0 
90.0 
92.0 
88.0 
93.0 
88.0 
92.0 
91.0 

41.5 
37.0 
41.0 
36.0 
42.0 
37.0 
41.0 
38.0 
41.0 
37.0 
41.0 
37.0 
41.5 
38.0 
41.0 
38.0 
41.5 
40.0 
40.0 
39.0 

26.5 
25.0 
26.0 
25.0 
27.0 
25.0 
26.5 
26.0 
26.5 
25.5 
26.0 
26.0 
26.0 
26.0 
26.0 
25.0 
27.0 
26.0 
26.0 
27.0 

93. 0 
87.0 
92.0 
86.0 
94.0 
87.0 
92.5 
89.0 
92.5 
87.5 
92.0 
88.0 
92.5 
89.0 
92.0 
88.0 
03.5 
91.0 
91.0 
91.0 

42.25 
38.50 
41.00 
37.00 
42.00 
38.00 
41.50 
36.50 
40.50 
37.00 
40.50 
35.00 
40.25 
38.50 
40.50 
38.00 
41.25 
23.50 
40.00 
39.50 

26.75 
25.50 
25.50 
25.00 
27.00 
25.00 
26.75 
25.00 
26.25 
25.75 
26.50 
25.50 
26.50 
26.00 
26.50 
25.00 
27.00 
26.00 
26.50 
26.50 

94.00 
80.00 
91.50 
87.00 
94.00 
88.00 
93.25 
87.00 
91.75 
87.75 
92.00 
85.50 
91.75 
89.50 
92.00 
88.00 
93.25 
89.50 
91.50 
91.00 

LOT  4A,  SCORED  SEPTEUBER  18,  1911. 


68 

June  19 

248 

42.0 

27.0 

94.0 

42.0 

27.0 

94.0 

42.00 

27.00 

94.00 

19 

24SC 

40.5 

26.0 

91.5 

40.0 

26.5 

91.5 

40.25 

26.25 

91.50 

68 

21 

250 

40.0 

26.0 

91.0 

41.0 

26.5 

92.5 

40.50 

26.25 

91.75 

•  21 

250C 

37.0 

25.0 

87.0 

38.0 

25.0 

88.0 

37.50 

25.00 

87.50 

70 

26 

253 

37.0 

25.0 

87.0 

39.0 

25.0 

89.0 

38.00 

25.00 

88.00 

26 

253C 

35.0 

25.0 

85.0 

85.0 

26.0 

86.0 

35.00 

25.50 

85.50 

70 

27 

254 

41.0 

27.0 

93.0 

41.0 

27.0 

93.0 

41.00 

27.00 

93.00 

27 

254G 

3/.0 

26.0 

88.0 

87.0 

26.0 

88.0 

37.00 

26.00 

88.00 

70 

28 

355 

41.0 

27.0 

93.0 

41.0 

27.0 

03.0 

41.00 

27.00 

93.00 

28 

255C 

35.0 

25.0 

85.0 

37.0 

25.5 

87.5 

.36.00 

25.25 

86.25 

72 

July     3 

258 

40.0 

27.0 

92.0 

40.5 

26.5 

92.0 

40.25 

26.75 

92.00 

3 

258C 

35.0 

25.0 

85.0 

35.0 

25.0 

85.0 

35.00 

25.00 

85.00 

72 

8 

260 

41.0 

27.0 

93.0 

41.0 

26.5 

92.5 

41.00 

26.75 

92.75 

8 

260C 

37.0 

25.0 

87.0 

36.0 

25.0 

86.0 

36.50 

25.00 

86.50 

73 

10 

361 

40.0 

25.0 

90.0 

39.5 

26.0 

90.5 

39.  V5 

25.50 

90.25 

10 

261C 

38.0 

27.0 

90.0 

38.0 

27.0 

90.0 

38.00 

27.00 

90.00 

73 

11 

262 

41.0 

27.0 

93.0 

41.0 

26.5 

92.5 

41.00 

36.75 

92.75 

11 

262C 

37.0 

26.0 

88.0 

37.0 

25.5 

87.5 

37.00 

25.75 

87.75 

72 

12 

263 

40.0 

26.0 

91.0 

40.0 

36.0 

91.0 

40.00 

26.00 

91.00 

12 

263C 

35.0 

26.0 

86.0 

35.0 

26.0 

86.0 

35.00 

26.00 

86.00 

I  "C"  in  this  column  indicates  raw-milk  cheese. 

In  51  cases  out  of  the  53  in  the  table  the  pasteurized-milk  cheese 
received  a  higher  average  total  score  than  the  raw-milk  cheese; 
but  in  two  cases  the  raw-milk  cheese  scored  one-fourth  to  one- 
half  a  point  higher  (Nos.  183  and  184).  In  the  51  cases  just 
mentioned  the  differences  in  total  score  between  pasteurized  and 
raw  milk  cheese  ranged  from  one-fourth  of  a  point  to  7  points  and 
averaged  3.82  points.  In  four-fifths  of  these  cas?s  the  difference  in 
the  score  was  over  2  points.  In  49  of  the  53  raw-milk  cheeses  the 
average  score  was  below  92,  while  39  of  the  53  pasteurized-milk 
cheeses  scored  92  or  above.  The  distribution  of  the  scores  in  each 
case  is  mpst  clearly  shown  in  figure  3. 
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It  can  readily  be  seen  from  figure  3  J,hat  94  per  cent  (50  out  of  53) 
of  the  pasteurized  cheese  scores  lie  between  91  and  95,  a  range  of  4 
points,  while  the  same  proportion  (94  per  cent)  of  the  raw-milk  cheese 
scores  are  quite  uniformly  distributed  between  85  and  92,  a  range  of 
7  points. 
The  variation  in  quality  of  product  from  day  to  day  is  thus  reduced 

nearly  one -half  by 
the  new  process.  In 
scoring  all  of  these 
cheeses  the  color  and 
make-up  were  al- 
ways marked  per- 
fect, and  the  cheeses 
were  marked  off 
only  on  flavor  and 
texture.     It  is  of  in- 
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Fig.  3.— Distribution  of  total  scores  of  pasteurised  and  raw  milk  cheese. 


terest  therefore  to  consider  the  flavor  and  texture  scores  separately, 
in  addition  to  the  discussion  of  total  scores  given  above. 

The  average  flavor  score  for  all  of  the  pasteurized  cheese  is  41.05 
and  for  the  raw-milk  cheese  38.13.  In  50  cases  out  of  53  the  pas- 
teurized-milk  cheese  has  a  higher  average  flavor  score  than  the 
raw,  in  2  cases  the  scores  are  equal,  and  in  1  case  the  pasteurized 
cheese  is  one-fourth  point  less  than  the  raw. 

In  the  50  cases 
just  mentioned  the 
difference  in  the  fla- 
vor score  between 
the  two  makes  of 
cheese  ranged  from 
0.50  to  5.50  points, 
averaging  3.1  points. 
The  difference  was 
equal  to  or  greater 
than  1.25  points  in 
47  out  of  the  50 
cases,  showing  that 
the  improvement  in 
flavor  through  pas- 
teurization was  not 
only  unquestionable,  but  also  consistent.  In  51  out  of  the  63  cases 
the  pasteurized-milk  cheese  scored  40  or  above  for  flavor,  while  45 
out  of  the  53  raw-milk  cheese  scored  below  40  for  flavor. 

Figure  4  shows  that  94  per  cent  (50  out  of  53)  of  the  pasteurized 
cheese  flavor  scores  lie  between  40  and  42 J,  a  range  of  2 J  points; 
while  the  raw-milk  oheese  flavor  scores  are.  quite  evenly  distributed 


Fia.  4.— Distribution  of  flavor  scores  of  pasteurised  and  raw  milk 

cheese. 
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over  a  range  of  5  points  (from  35  to  40  or  41).  The  range  of  varia- 
tion is  thus  twice  as  great  in  the  raw  as  it  is  in  the  pasteurized,  show- 
ing that  the  daily  variation  of  flavor  is  reduced  about  one-half  by 
the  yiew  process. 

The  average  texture  scores  show  also  some  advantage  for  the  new- 
process  cheese.  The  average  texture  score  on  all  of  the  pasteurized- 
milk  cheese  was  26.70,  and  on  the  raw-milk  cheese  25.96. 

In  40  cases  out  of  53  the  pasteurized  cheese  scored  higher  than  the 
raw,  in  five  cases  the  scores  were  equal,  and  in  8  cases  the  pasteurized 
cheese  scored  0.25  to  1.5  points  (average  0.59  point)  lower  than  the 
raw.  Among  the  40  cases  just  mentioned,  the  differences  in  texture 
score  between  the  two 
makes  ranged  from 
0.25  to  2  points,  and 
averaged  1.09  points. 

Figure  5  shows  that 
90  per  cent  (48  out  of 
53)  of  the  pasteurized- 
milk  cheese  texture 
scores  lie  between  26 
and  27.50,  a  range  of 
1.50  points;  while  94 
per  cent  (50  out  of  53) 
of  the  raw-mUk  cheese 

scores  are  quite  evenly  distributed  between  25  and  27,  a  range  of  2 
points,  a  distinct  advantage  in  favor  of  the  new  process,  both  as  to 
quaUty  and  xmiformity  of  texture. 

CHEESE  CURED  IN  THE  SOUTH. 

jjyi  i5.— Four  lots  of  cheese,  lots  IB,  2B,  3B,  and  4B,  were  shipped 
to  New  Orleans  for  storage,  the  first  lot  for  two  months  and  the  other 
three  for  one  month. 

Lot  IB  consisted  of  25  pairs  of  cheese  which  were  made  on  25  days 
between  February  23  and  April  18,  at  Madison,  and  shipped  to  New 
Orleans  April  29,  arriving  May  9.  They  were  stored  there  until  July 
3,  and  then  shipped  back  to  Madison  where  they  were  scored  sepa- 
rately on  July  17,  1911,  by  Messrs.  U.  S.  Baer  and  A.  T.  Bruhn.  The 
temperatures  at  New  Orleans  given  below  are  taken  from  the  United 
States  Weather  Bureau  monthly  meteorological  summaries.  The 
average  daily  mean  for  May  was  75.8°,  with  temperature  on  different 
days  varying  from  60  to  96.  For  June  the  average  daily  mean  was 
83.2°,  with  temperature  on  different  days  varying  from  70  to  98. 
The  quality  of  both  the  raw  and  pasteurized  cheese  after  returning 
from  New  Orleans  was  very  poor,  as  shown  by  the  scores  of  the  judges 
and  by  letters  from  dealers  to  whom  they  were  afterwards  sold  at  a 


FiQ.  5.— Distribution  of  texture  scores  of  pasteurised  and  raw  milk 

cheese. 
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reduced  price.  The  average  score  of  the  25  paateunzed-milk  cheeses 
was  85.10  and  of  the  25  raw-milk  cheeses  83.34,  a  difference  of  1.76 
points.  In  17  cases  out  of  25  the  pasteurized-milk  cheese  scored 
higher,  in  3  cases  equal  to,  and  in  5  cases  less  than  the  raw-milk 
cheese.  (See  Table  40.)  The  highest  average  score  giv^i  to  any 
cheese  in  the  lot  was  90.5  and  the  lowest  78.50.  The  scores  are 
shown  in  Table  40. 

Table  AQ,— Scores  of  i5  pairs  of  raw  and  pasteuriud  cheeses  {lot  IB)  cured  for  two 

months  at  New  Orleans, 


Date  made. 

Cheme 

Total 
score 
(U.S. 
Baer). 

Total 
soore 

(A.T. 

Bruhn). 

Average 
total 
score. 

1911. 

Feb.  23 

171 

82 

80 

81 

23 

171C 

87 

87 

87 

24 

172 

83 

79 

81 

24 

1720 

86 

81 

83 

27 

173 

87 

90 

88.5 

27 

1730 

86 

86 

85.5 

28 

174 

90 

85 

87.5 

28 

1740 

83 

85 

84 

Mar.  1 

176 

86 

87 

86.5 

1 

1750 

83 

84 

83.6 

3 

176 

86 

88 

87 

3 

1760 

83 

84 

83.6 

3 

177 

88 

84 

86 

3 

1770 

88 

85 

86.5 

7 

178 

86 

86 

86 

7 

1780 

86  , 

86 

85.5 

8 

179 

01 

90 

90.5 

8 

1790 

85 

83 

84 

0 

180 

86 

88 

87 

9 

180C 

86 

85 

85 

10 

181 

90 

88 

89 

10 

1810 

86 

85 

85 

13 

182 

80 

80 

80 

13 

1820 

» 

80 

80 

14 

183 

79 

79 

79 

14 

1830 

87 

84 

86.6 

16 

184 

85 

84 

84.6 

IS 

1840 

86 

82 

83.5 

le 

186 

86 

89 

87 

16 

1860 

86 

85 

85 

17 

186 

80 

80 

80 

17 

1860 

80 

80 

80 

20 

187 

79 

80 

79.5 

20 

1870 

79 

80 

79.6 

21 

188 

77 

80 

78.5 

21 

1880 

80 

80 

80 

22 

189 

86 

83 

84.6 

22 

1890 

80 

80 

80 

Apr.  5 

198 

92 

89 

90.5 

5 

198C 

89 

81 

85 

7 

200 

86 

87 

86.5 

7 

2000 

82 

85 

83.5 

11 

202 

85  • 

88 

86.5 

11 

202C 

83 

84 

83.5 

13 

204 

89 

87 

88 

13 

304C 

84 

84 

.  84 

17 

206 

89 

86 

87.5 

17 

2060 

83 

81 

82 

18 

207 

85 

86 

85.5 

18 

207O 

83 

84 

83.5 

1 «  C^  in  this  column  indicates  raw-milk  cheesa. 
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It  can  be  seen  that  storage  for  so  long  a  period  as  two  months  m 
New  Orleans,  at  such  temperatures,  can  not  be  practiced  with  either 
raw  or  pasteurized  cheese  without  great  loss  of  quality;  and  that  of 
the  two  lots,  the  pasteurized  was  somewhat  the  better  when  taken 
out  of  storage.  On  account  of  the  unmarketable  quaUty  of  both  lots 
of  cheese  when  scored  it  appears  unnecessary  to  give  the  detailed 
score  and  criticisms  as  to  flavor  and  texture. 

Lots  2Bj  SB,  and  4B. — ^These  lots  were  stored  at  New  Orleans  for  one 
month  each  during  parts  of  Jime,  July,  August,  and  September,  1911. 
The  mean  daily  temperature  during  this  period  averaged  83.2°  for 
June,  80.2''  for  July,  81.8''  for  August,  and  82.6°  for  September.  In 
lot  2B  the  9  pasteurized-milk  cheesy  received  an  average  total  score 
of  90.44,  and  the  raw-milk  cheese  of  85.56.  The  pasteurized  was 
better  in  every  case,  and  on  the  average  4.88  points  better. 
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Fig.  6.— Distribution  of  total  scores  of  pasteurized  and  raw  milk  cheese. 

In  lot  3B  the  10  pasteurized-milk  cheeses  scored  the  highest  in 
every  case,  the  a  '  rage  being  7.7  points  higher.  The  average  score  of 
the  pasteurized  was  90.30,  and  of  the  raw  82.60. 

In  lot  4B  the  10  pasteurized-milk  cheeses  scored  the  highest  in 
every  case  but  one,  and  averaged  85.62,  while  the  10  raw-milk 
cheeses  averaged  82.10,  a  difference  of  3.52  points. 

From  the  results  shown  in  Tables  40  and  41  and  in  figure  6,  it  is 
clear  that  after  storage  in  the  South  the  pasteurized-milk  cheese 
came  out  better  in  quality  than  the  raw-milk  cheese  made  from  the 
same  milk.  It  is  not  intended  to  suggest  that  cheese  could  be  shipped 
to  the  Southern  States  with  the  express  intention  of  storing  it  for  one 
month  before  it  is  sold,  but  it  is  clear  that  during  the  few  days  or 
Weeks  necessarily  elapsing  after  market  cheese  reaches  its  destination 
in  the  South  and  before  it  is  eaten,  the  pasteurized-milk  cheese  is 
less^  ikely  to  undergo  serious  deterioration  than  the  raw-milk  cheese. 

79994°— Bull.  165—13 6 
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Table  42. — Scores  of  29  pairs  of  raw  and  pasteurized  cheeses  {lots  2B,  SB,  and  4B)  cured 

for  one  month  at  New  Orleans. 

LOT  2B,  SCORED  JULY  17,  Iflll.  AT  MADISON. 


Date  made. 


May 


1011. 
Apr.  24 
24 
27 
27 
28 
28 
2 
2 
3 
3 
8 
8 
10 
10 
15 
15 
17 
17 


Mean 
tempera- 
ture at 

New 
Orleans. 


•F, 

46 


CO 
'55" 


66 
60 ' 


71 
73" 


76 

76' 


Total 

Cheeae 

score 

No.« 

(U.  8. 

Baor). 

211 

90 

31 IC 

86 

214 

92 

214C 

85 

215 

93 

2150 

85 

216 

90 

216C 

86 

217 

91 

2170 

85 

220 

90 

220c 

85 

222 

92 

2330 

88 

325 

89 

2250 

87 

227 

93 

2270 

86 

Total 

score 

(A.T. 

Bruhn). 


88 
86 
90 
86 
90 
81 
88 
86 
89 
85 
87 
68 
94 
87 
91 
85 
93 
85 


Avera^ 
total 
score. 


89 

85.5 

91 

85.5 

91.5 

84.5 

89 

85.5 

90.0 

85 

88.6 

85 

93 

87.6 

90 

86 

93 

85.6 


LOT  3B,  SCORED  AUG.  14,  1911,  AT  MADISON. 


June 


May  23 

23 
25 
25 
29 
29 
1 
1 
2 
2 
7 
7 
9 
9 
13 
13 
15 
15 
16 
16 


78 


82 

"84" 


86 


88 
88* 


230 
2300 

233 
233C 

234 
2340 

237 
2370 

238 
2380 

240 
2400 

242 
2420 

243 
3430 

246 
2450 

246 
2460 


89 

88 

88.5 

&3 

84 

83.6 

90 

88 

89 

79 

80 

79.5 

91       ' 

90 

90.5 

8.3 

82 

82.6 

91 

90 

90.6 

80 

81 

80.5 

91 

90 

90.5 

85 

82 

83.5 

92 

89 

90.5 

80 

79 

79.5 

93 

92.5 

93.75 

82 

81 

8L5 

92 

90.6 

91.35 

86 

85 

85.5 

90 

91 

90.5 

87 

«i 

86 

89 

89 

89 

86 

82 

84 

LOT  4B,  SCORED  SEPT.  18.  1911,  AT  MADISON. 


June  19 

19 

31 

21 

26 

26 

27 

27 

28 

28 

July     3 

3 

8 

8 

10 

10 

11 

11 

12 

12 

76 

248 
248(^. 

250 
250C 

253 
2530 

254 
3540 

255 
2550 

258 
2580 

2fi0 
2«i0C 

261 
2610 

262 
262C 

263 
2630 

88.5 

8» 

81 

85 

87 

87 

89 

76 

80 

78 

85 

82 

88 

86 

62 

79 

90 

85 

87  • 

80 

74 

80 

82 

80 

82 

79 

82 

82 

79 

87 

87.75 

85 

84 

82 

81.5 

85 

85 

88 

87.5 

85 

81 

89 

89 

78 

77 

80 

80 

77 

77.5 

8'i 

85.5 

85 

8i.5 

88 

88 

m 

84.5 

so 

81 

78 

78.5 

89 

89.5 

85 

85 

86 

86.6 

80 

80 

J 


1  '*C"  indicates  raw-milk  cheese. 


CHEESE  CURED  IN   THE  SOUTH, 
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Lots  SC  and  ^.C. — ^These  two  additional  lots  were  stored  for  one 
month  in  the  South  and  subsequently  scored  at  Madison.  In  lot 
3C  the  10  pasteurized  cheeses  averaged  91  and  the  10  raw-milk 
cheeses  84.85,  as  shown  in  Table  42.  In  every  case  the  pasteurized 
cheese  scored  higher  than  the  raw.  In  Lot  4C,  the  10  pasteurized 
averaged  87.82  in  total  score,  and  the  10  raw-milk  cheeses,  85.07,  and 
in  every  case  but  one  the  pasteurized  scored  higher  than  the  raw. 
All  but  two  of  these  40  cheeses  scored  below  92  and  most  of  them  were 
unsalable  at  full  price,  after  storage  as  described.  The  temperature 
inside  of  the  storage  warehouse  was  not  recorded. 

Table  42. — Scores  of  20  pairs  of  raw  and  pasteurized  milk  cheese  (lots  SC  and  4C)  stored 

one  month  in  the  South  and  scored  at  Madison. 

LOT  dC,  STORED  ONE  MONTH  AT  COLUMBUS,  QA.,  AND  SCORED  AT  MADISON,  AUG.  14,  1911. 


Date 
made. 

Cheese 
No.i 

Total  score 
(U.  8. 
Baer). 

Total  score 

(A.T. 

Bruhn). 

Average 
total  score. 

1911. 

\ 

Apr.  22 

230 

90 

90 

90 

22 

230C 

87 

86 

86.5 

26 

233 

90 

89) 

89.75 

25 

233C 

85 

84 

84.5 

29 

234 

94 

94 

94 

29 

234C 

91 

87 

89 

June    1 

237 

92 

89 

90.5 

1 

237C 

85 

83 

84 

2 

238 

90 

91 

90.5 

2 

238C 

84 

85 

84.5 

7 

240 

92 

91 

91.5 

7 

240C 

78 

79 

78.5 

9 

242 

91 

93 

92 

9 

242C 

85 

87 

86 

13 

243 

Lost. 

Lost. 

Lost. 

13 

243(^ 

85 

82 

83.5 

15 

245 

91 

90 

90.5 

15 

246C 

89 

SA 

86.5 

16 

246 

90 

90J 

90.25 

16 

246C 

88 

83 

85.5 

LOT  4C,  STORED  ONE  MONTH  AT  NEW  ORLEANS,  AND  SCORED  AT  MADISON,  SEFT.  18,  1911. 


1911. 

June  19 

248 

9» 

89) 

80.75 

19 

248C 

85 

86 

85.5 

21 

250 

88 

88 

88 

21 

260C 

85 

85 

85 

26 

253 

86 

87 

86.5 

26 

253C 

86 

85i 

85.75 

27 

254 

90 

m 

89.75 

27 

254C 

80 

83 

81.5 

28 

255 

80J 

89) 

89.5 

28 

255C 

83 

85 

84 

July     3 

258 

87 

88 

87.5 

3 

258f5- 

86 

86 

86 

8 

260 

89 

90 

89.5 

8 

260(^ 

87 

86 

86.5 

10 

261 

83 

84 

83.5 

10 

261C 

87 

86 

86.5 

11 

262 

85 

85 

85 

11 

262C 

85 

85 

85 

12 

263 

90 

88J 

89.25 

12 

263C 

85 

85 

85 

i**C'-  indicates  raw-milk  cheese. 
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OHfiDDAB  CHEESE  FBOM  PASTEURIZED  MILK. 


CHEESE  CURED  IN  WARM  ROOM  AT  MADISON. 

Lots  SD  and  4D, — These  lots  of  cheese  were  stored  in  a  warm  room 
at  Madison  where  the  temperature  ranged  from  70°  to  80**,  occasion- 
ally going  up  to  85°,  during  the  months  of  July,  August,  and  Septem- 
ber, 1911.  In  lot  3D  the  pasteurized  cheese  scored  higher  than  the 
raw-milk  cheese  in  every  case,  averaging  90.55  to  total  score,  while 
the  raw-milk  cheese  averaged  83.75.  In  lot  4D  the  pasteurized  cheese 
scored  higher  than  the  raw  in  every  case  but  one,  averaging  90.52, 
while  the  raw-milk  cheese  averaged  86.15,  as  shown  in  Table  43. 

Table  43. — Scares  oftO  pairs  o/raw  and  pasteurized  niiUc  cheese  (lots  3D  and  4D)  stored 

in  warm  room  at  Madison, 

LOT  3d.  8COBKD  AUG.  U,  1911. 


Date 
made. 

Cheese 
No.» 

Total  score 
(U.S. 
Baer). 

Total  score 

(A.T. 

Bnihn). 

Average 
total  score. 

1911. 

May  22 

230 

87 

87 

87 

22 

230C 

86 

86 

85.50 

25 

233 

90 

m 

89.75 

25 

233C 

81 

80 

80.50 

29 

234 

93 

94 

93.50 

29 

234C 

85 

85 

85 

June    1 

237 

94 

94 

94 

1 

237G 

80 

80 

80 

3 

238 

90 

91 

90.5 

2 

238C 

85 

86 

85.5- 

7 

240 

94 

94 

94 

7 

240C 

79 

79 

79 

9 

242 

92 

92i 

92.25 

9 

242C 

85 

85 

85 

13 

243 

90 

89 

S9.5 

13 

243C 

85 

86 

85.5 

15 

245 

87 

88 

87.5 

15 

2450 

85 

86 

85.50 

16 

?46 

88 

87 

87.5 

16 

246(^ 

87 

85 

86 

LOT  4D,  scored  SEPT.   18,   1911. 


June  19 

248 

91 

9H 

91.75 

19 

248(^ 

85 

86 

85 

21 

250 

86 

86 

86 

21 

2500 

86 

85 

85.50 

26 

253 

88 

88 

88 

26 

2530 

85 

86 

85.5 

27 

254 

91 

92 

91.5 

27 

254(^. 

80 

82 

81 

28 

Vib 

92 

92J 

92.25 

28 

2550 

89^ 

89i 

89.5 

July     3 

258 

92 

92 

92 

3 

2580 

87 

86 

86.6 

8 

*280 

91 

92 

91.5 

8 

2600 

86 

86i 

86.25 

10 

261 

85 

85 

85 

10 

2610 

89 

87 

88 

11 

262 

94 

94 

94 

11 

2620 

86 

88 

87 

12 

263 

93 

93 

93 

12 

2630 

86 

89 

87.5 

A  «C"  indicates  raw-milk  obeeso. 


OHBESB  CVBEP  IN  COLD  STORA.QB. 
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CHEESE  CUBED  IN  COU)  STOBAQE. 

Lot  JfE. — Since  much  of  the  cheese  made  by  .the  ordinary  process 
is  put  into  cold  storage  at  about  34°,  and  most  cheese  dealers  have 
cold-storage  warehouses,  a  study  was  begun  of  the  effect  of  cold 
storage  on  pasteunzed-milk  cheese.  The  milk  supply  was  so  short 
at  the  time  that  raw-milk  cheese  could  be  made  on  only  a  few  days. 
Six  or  seven  pasteurized-milk  cheeses  were  made  in  one  vat  each  day 
and  placed  in  the  curing  room  at  Madison,  and  single  cheeses  were 
shipped  to  a  cold-storage  warehouse  at  Waterloo,  Wis.,  at  diflFerent 
ages.  After  about  three  months  the  cheese  was  all  shipped  back  to 
Madison  in  one  consignment  and  examined  by  the  judges.  One 
cheese  from  each  day's  make  was  kept  at  Madison  during  the  entire 
period. 

Table  44. — Scores  of  pasteurized  and  raw  milk  cheese  (lot  4E)  put  into  cold  storage  at 

differeru  ages  and  scored  Oct.  SO^  1911. 


Date 
made. 


1911. 
July 


Aug. 


Cheese 
No.> 


20 

264.1 

20 

204.2 

ao 

264.3 

20 

264.4 

20 

264.5 

20 

264.6 

20 

265.1 

21 

265.2 

21 

265.3 

21 

265.4 

21 

265.5 

21 

265.6 

25 

265.7 

25 

267.1 

25 

267.2 

25 

267.3 

26 

267.4 

25 

267.5 

25 

267.6 

25 

267C1 

25 

26702 

25 

267C8 

27 

269.1 

27 

269.2 

27 

269.3 

27 

269.4 

27 

269.5 

27 

269.6 

27 

269C1 

272.1 

272.2 

272.3 

272.4 

272.5 

272.6 

8 

276.1 

8 

276.2 

8 

276.3 

8 

276.4 

8 

276.5 

22 

283.1 

22 

283.2 

22 

283.3 

22 

283.4 

22 

283.5 

22 

283.6 

Age 

when 

stored. 


1  day.... 

1  week.. 

2  weeks. 
4  weeks. 
6  weeks. 


1  day..., 

1  week . . 

2  weeks. 
4  weeks. 
4  weeks. 
6  weeks. 


1  day..., 

1  week.. 

2  weeks. 
4  weeks. 
6  weeks. 


1  day... 

2  weeks. 


1  day... 

1  week.. 

2  weeks. 
4  weeks. 
6  weeks. 
2  weeks. 


1  day.... 

1  week.. 

2  weeks. 
4  weeks. 
6  weeks. 


1  day... 

1  week.. 

2  weeks. 
4  weeks. 


1  day..., 

1  week.. 

2  weeks. 
4  weeks. 


Scored  by  U.  S. 
Baer. 


Flavor. 


42.00 
41.00 
40.00 
41.00 
41.00 
41.00 
41.00 
40.00 
42.00 
40.00 
40.00 
40.00 
41.00 
41.00 
40.00 
41.50 
40.00 
41.00 
42.00 
36.00 
38.00 
38.00 
40.00 
40.00 
40.00 
41.00 
41.00 
42.50 
34.00 
35.00 
36.00 
37.00 
38.00 
35.00 
37.00 
37.00 
40.00 
40.00 
40.00 
40.00 
41.00 
40.00 
42.00 
4Q.50 
42.00 
42.00 


Tex- 
ture. 


28.00 
26.60 
26.00 
28.00 
28.00 
28.00 
27,00 
27.00 
28.00 
27.00 
27.00 
27.00 
28.00 
28.00 
26.00 
27.00 
27.00 
27.00 
27.00 
26.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
28.00 
23.00 
23.00 
25.00 
25.00 
25.00 
25.00 
24.50 
25.00 
26.00 
25.00 
24.00 
27.00 
27.00 
26.00 
27.00 
27.00 
27.00 
27.00 


Total. 


95.00 
92.50 
91.00 
94.00 
94.00 
94.00 
93.00 
92.00 
95.00 
92.00 
92.00 
92.00 
94.00 
94.00 
91.00 
93.00 
92.00 
93.00 
94.00 
87.00 
90.00 
90.00 
92.00 
92.00 
92.00 
93.00 
93.00 
95.50 
82.00 
83.00 

as.  00 

87.00 
88.00 
85.00 
86.50 
87.00 
91.00 
90.00 
89.00 
92.00 
93.00 
91.00 
94.00 
92.50 
94.00 
94.00 


Scored  by  A.  T. 
Brunn. 


Flavor. 


42.50 
40.50 
40.50 
41.00 
42.00 
42.00 
41.00 
41.00 
42.00 
40.00 
40.00 
41.00 
42.00 
42.00 
40,00 
41.60 
41.00 
40.50 
42.00 
36.00 
39.00 
38.50 
41.00 
40.50 
40.50 
40.00 
42.00 
42.50 
32.00 
36.00 
36.00 
39.00 
38.00 
36.00 
38.00 
39.00 
40.00 
39.50 
39.00 
39.50 
41.50 
40.50 
41.00 
41.00 
41.50 
42.00 


Tex- 
ture. 


27.00 
27.00 
27.00 
27.50 
28.00 
27.50 
26.50 
26.50 
28.00 
27.00 
27.00 
27.00 
27.00 
27.00 
26.00 
27.50 
27.00 
27.00 
27.50 
26.50 
27.00 
27.00 
26.50 
26.50 
26.50 
26.50 
27.00 
27.50 
25.00 
25.00 
25.00 
24.00 
25.00 
24.00 
26.00 
26.00 
26.00 
25.60 
25.00 
26.60 
26.50 
26.00 
27.00 
26.60 
27.00 
26.50 


Total. 


94.50 
92.60 
92.50 
93.50 
95.00 
94.50 
92.50 
92.60 
05.00 
92.00 
92.00 
93.00 
94.00 
94.00 
91.00 
94.00 
93.00 
92.50 
94.60 
87.50 
91.00 
90.50 
92.50 
92.00 
92.00 
91.50 
94.00 
95.00 
82.00 
86.00 
86.00 
88.00 
88.00 
85.00 
88.00 
00.00 
91.00 
90.00 
89.60 
91.00 
93.00 
91.50 
93.00 
92.50 
93.50 
93.50 


Average  score. 


Flavor. 


42.25 
40.75 
40.25 
41.00 
41.60 
41.50 
41.00 
40.60 
42.00 
40.00 
40.00 
40.50 
41.50 
41.60 
40.00 
41.60 
40.60 
40.75 
42.00 
36.00 
38.50 
38.25 
40.60 
40.25 
40.25 
40.50 
41.50 
42.50 
33.00 
35.50 
36.00 
38.00 
38.00 
35.60 
37.60 
38.00 
40.00 
39.75 
39.50 
39.75 
41.25 
40.25 
41.50 
40.75 
41.75 
42.00 


Tex- 
ture. 


27.60 
26.75 
26.60 
27.75 
28.00 
27.75 
26.75 
26.75 
28.00 
27.00 
27.00 
27.00 
27.50 
27.50 
26.00 
27.25 
27.00 
27.00 
27.25 
26.25 
27.00 
27.00 
26.75 
26.75 
26.75 
26.75 
27.00 
27.75 
24.00 
24.00 
25.00 
24.50 
25.00 
24.60 
24.75 
25.60 
26.00 
25.25 
24  60 
26.75 
26.75 
26.00 
27.00 
26.75 
27.00 
26.75 


ToUl. 


94.75 
92.50 
91.75 
93.75 
94.50 
94.25 
92.75 
92.25 
95.00 
92.00 
92.00 
92.50 
94.00 
94.00 
91.00 
93.75 
92.50 
92.75 
94.26 
87.25 
90.50 
90.25 
92.25 
92.00 
92.00 
02.25 
93.50 
95.25 
82.00 
84.60 
86.00 
87.50 
88.00 
85.00 
87.25 
88.60 
91.00 
90.00 
89.00 
91.60 
93.00 
91.25 
93.60 
92.00 
93.50 
93.75 


1  «C"  in  this  column  indicates  raw-milk  cheese. 
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OHEDDAB  CHEESE  FROM  PASTEURIZED  MILK. 


In  every  case  the  pasteurized-milk  oheese  put  into  cold  storage  at 
the  age  of  one  day  was  criticized  by  the  judges  as  being  flat,  low,  and 
not  developed  in  flavor,  and  the  texture  was  described  as  curdy,  new, 
not  broken  down,  not  cured,  etc.  They  received  an  average  score 
of  90.84,  as  shown  in  Table  44. 

The  cheeses  put  into  cold  storage  at  the  age  of  one  week  received 
an  average  score  of  91.93.  They  were  found  to  be  well  cured,  and 
they  had  less  mold  on  the  surface  (practicaDy  none),  both  when  put 
into  storage  and  when  taken  out,  than  any  of  the  later  lots.  The 
cheeses  put  into  storage  at  two  weeks,  four  weeks,  and  six  weeks  of 
age  were  given  average  scores  of  91.36,  91.82,  and  91.46,  respectively, 
while  those  kept  at  Madison  for  the  entire  period  scored  91.39. 

So  far  as  this  short  series  indicates,  there  is  no  objection  to  putting 
pasteurized-milk  cheese  into  storage  at  34®,  at  the  age  of  one  week, 
immediately  after  paraffining.  It  was  planned,  however,  to  make  a 
more  extensive  trial  of  the  use  of  cold  storage  for  pasteurized-milk 
cheese  during  the  season  of  1912. 


EXCEPTIONAL  DIFFERENCES   BETWEEN   THE   RAW   AND   PASTEURIZED   MILIE  CHEESE. 

It  is  of  interest  to  coUect  in  one  plbce  all  of  the  cases  recorded  in 
the  tables  where  the  pasteurized-milk  cheese  was  scored  lower  than 
the  raw,  in  order  if  possible  to  locate  the  cause  for  such  difference. 

Table  45. — Summary  of  cases  in  which  raw-milk  cheese  scored  higher  than  pasUuriud» 


LotslA,2A,3A,iA. 

LotslB,2B,3B.4B. 

Lots  3C,  4C. 

lx)t«  3D.  4D. 

Cheese 
No.» 

Total 
Score. 

Cheese 
No.i 

Total 
Score. 

Cheese 

No.^ 

Total 
Score. 

Cheese 
No.> 

Total 
Score. 

171 
M71C 

172 
M72C 

177 
«177C 

183 
«183C 

184 
184C 

188 
M88C 

250 
■  260C 

261 
261C 

81.00 
87.00 
81.00 
83.00 
86.00 
86.50 
79.00 
85.50 
84.60 
83.50 
78.50 
80.00 
81.50 
85.00 
81.00 
78.50 

172 
172t' 

177 
177(' 

183 
« 183(: 

184 
« 184C 

188 
188C 

250 
25(X^ 

261 
261C 

91.75 
89.50 
91.76 
89.00 
91.25 
91.75 
92.00 
92.75 
94.50 
90.60 
91.76 
87.60 
90.25 
90.00 

■ 

250 

250C 

261 

«261C 

88.00 
85.00 
83.60 
86.50 

250 

250C 

261 

«261C 

86.00 
86.50 
85.00 
88w00 

I  "C"  indicates  raw-milk  cheese. 

I  These  are  the  cases  in  which  the  rew-mllk  cheese  scored  higher  than  the  pasteurized, 
of  duplicate  cheese  in  the  other  lots  are  given  for  comparison. 


The  other  aoont 


The  fact  that  pasteurized  and  raw  cheese  from  the  same  milk  may 
occasionally  score  exactly  aHke  or  nearly  alike  would  appear  to  indi- 
cate that  where  the  milk  supply  is  excellent  the  quality  of  cheese  pro- 
duced is  not  improved  by  the  new  process.  With  so  small  a  differ- 
ence in  score  as  half  a  point,  occurring  in  No.  184  in  lot  A  and  No. 
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177  in  lot  B,  it  is  doubtful  whether  there  was  any  difference  between 
the  two  cheeses  which  could  be  ascribed  with  certainty  to  the  effect 
of  the  pasteurization  process. 

The  most  adverse  criticism  on  the  process  that  can  be  based  upon 
the  10  cases  tabulated  above  is  the  following:  It  is  entirely  possible 
that  some  harmful  bacteria  or  their  enzynas  which  are  occasionally 
present  in  dirty  milk  may  not  be  destroyed  by  the  pasteurization 
process  and  that  such  infections  damage  the  quality  of  pasteurized- 
milk  cheese  as  well  as  raw-milk  cheese.  In  this  year's  work  it  has 
been  noticed  that  on  a  few  occasions  when  the  raw  milk  was  very  ripe 
the  quality  of  cheese  produced,  even  after  pasteurization,  was  not  so 
good  as  from  milk  of  fairly  good  quality.  For  example:  The  poorest 
pasteurized-milk  cheese  in  Table  45  is  No.  261,  and  the  milk  used  for 
making  this  was  of  0.28  per  cent  acidity  before  pasteurization.  In 
Table  44,  showing  the  scores  of  cheese  shipped  to  cold  storage,  Nos. 
272  and  276  are  the  poorest  in  quaUty  and  these  were  made  from  milk 
which  titrated  0.275  and  0.31  per  cent  acidity,  respectively,  before 
pasteurization.  Of  course  such  milk  should  not  be  accepted  at  any 
cheese  factory. 

No  claim  is  made  that  the  pasteurization  process  is  a  cure  for  all 
the  troubles  of  the  cheese  factory,  or  that  it  reduces  tihe  responsibility 
resting  on  factory  patrons  to  improve  the  sanitary  quality  of  their 
milk.  It  would,  in  fact,  be  most  unfortunate  if  any  process  could 
be  used  for  making  cheese,  or  any  other  article  of  food,  which  would 
relieve  the  milk  producer  or  the  factory  man  of  the  necessity  for 
cleanliness. 

SUMMARY   OF   DISCUSSION    OF   SCORES. 

The  scores  of  lots  IB,  2B,  3B,  and  4B,  3C  and  4C,  and  3D  and  4D 
all  show  that  cheese,  either  raw  or  pasteurized,  stored  for  one  or  two 
months  at  about  80°  are  often  seriously  injured,  so  as  to  be  unsalable 
at  the  ruling  market  price.  The  pasteurized  cheese  came  out  of 
such  storage  better  in  quality  than  the  raw-milk  cheese  in  about  90 
per  cent  of  all  the  cases  observed.  It  is  clear  that  pasteurized-milk 
cheese  is  better  suited  to  stand  exposure  to  high  temperature  than 
raw-milk  cheese.  This  fact  may  find  useful  application  in  two  ways: 
While  it  is  never  advisable  to  store  market  cheese  for  any  great 
length  of  time  in  the  South,  yet  several  days  or  weeks  may  often 
elapse  before  cheese  shipped  South  is  finally  sold  to  the  consumer, 
and  it  appears  that  pasteurized-milk  cheese  should  stand  this  ex- 
posure with  less  damage  in  quality  than  raw-milk  cheese.  It  is 
likely,  too,  that  pasteurized-milk  cheese  can  be  cured  at  ordinary 
curing-room  temperatures  below  70°  in  Wisconsin  without  the  use 
of  ice  or  mechanical  refrigeration,  thus  avoiding  part  of  the  expense 
for  cold  storage.  The  quality  of  the  53  raw-milk  cheeses  in  lots  lA, 
2A,  3A,  and  4A,  cured  at  60°  to  73°  at  Madison,  is  represented  by  the 
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average  total  score  of  89.09,  and  would  no  doubt  have  been  greatly 
improved  if  the  cheese  had  been  cured  in  cold  storage.  In  51  cases 
out  of  53  the  pasteurized-milk  cheese  in  these  lots  scored  higher 
than  the  raw,  on  the  average  3.8  points  higher,  the  average  total 
score  of  the  pasteurized  being  92.75  points,  which  indicates  that  cold 
storage  for  the  pasteurized  cheese  was  not  necessary. 

In  a  short  series  of  cheese  placed  in  cold  storage  at  34°  F.  at  dif- 
ferent ages,  it  was  found  that  those  stored  at  the  age  of  one  day  were 
curdy  and  uncured  at  the  age  of  three  months,  while  those  placed  in 
storage  at  the  age  of  one  week  were  free  from  this  fault  and  scored 
as  high,  even  a  little  higher,  and  showed  less  mold  on  the  surface 
than  those  put  in  storage  when  older  than  one  week.  From  this  it 
appears  that  pasteurized-milk  cheese  can  be  safely  put  in  cold  storage 
at  the  age  of  one  week  immediately  after  paraffining.  It  was  planned 
to  try  cold  storage  with  both  raw  and  pasteurized-milk  cheese 
during  1912. 

THE   DEMAND   FOB  PASTEUBIZED-MILK   CHEESE. 

One  of  the  objects  of  the  work  during  1909,  1910,  and  1911  was  to 
sell  the  cheese  to  consumers  as  widely  as  possible,  and  learn  whether 
it  would  meet  with  favor  and  continued  demand.  It  was  felt  neces- 
sary thus  to  establish  its  suitabihty  for  the  market  before  recom- 
mending cheese  makers  to  take  up  the  new  process. 

The  amount  of  pasteurized-milk  cheese  sold  each  year  was  limited 
by  the  output  of  the  factory,  it  being  impossible  to  secure  a  larger 
supply  of  milk.  Much  more  cheese  could  have  been  sold  to  the 
same  purchaseis,  and  doubtless  to  others,  if  we  had  had  the  cheese 
to  sell.  In  nearly  all  cases  the  cheese  was  sold  at  the  current  price 
ruling  on  the  Plymouth  cheese  board,  f.  o.  b.  Madison  without 
discount.  During  1910,  4,815^  pounds  of  pasteurized-milk  cheese 
valued  at  $711.16  were  sold  to  19  representative  grocery  stores, 
hotels,  restaurants,  and  delicatessen  stores  in  Madison,  Wis.  The 
total  number  of  such  sales  was  137  during  the  season.  Nearly 
every  purchaser  reordered  it  several  times,  and  three  of  the  leading 
retailers  reordered  it  16,  20,  and  49  times,  respectively,  during  the 
season.  The  average  price  pa^d  for  all  of  this  cheese  was  14J  cents 
per  pound.  During  1909,  1910,  and  1911,  41  shipments  of  pasteur- 
ized-milk cheese  weighing  10,126  pounds  in  all  and  valued  at  $1,382.93 
were  sent  to  27  leading  cheese  dealers,  including  a  few  retail  stores, 
at  New  York,  Boston,  Philadelphia,  Chicago,  St.  Louis,  Minneapolis, 
and  San  Francisco,  and  at  various  Wisconsin  points  outside  of 
Madison,  including  Plymouth,  Sheboygan,  Fond  du  Lac,  Marshfield, 
Richland  Center,  Waterloo,  and  Milwaukee.  Samples  of  the  cheese 
were  also  shipped  to  expeiiment  station  workers  in  the  leading  dairy 
States  for  an  examination. 


EXTRA  COST  OF  PASTEUBIZED-MILK   OHBESE,  89 


OPINIONS  OF  PURGHA8ERS. 


No  written  opinions  were  asked  from  dealers  in  Madison  handling 
the  pasteurized*-milk  cheese,  neither  were  they  urged  to  purchase  a 
second  time.  The  university  delivery  wagon  making  two  trips 
daily  among  retail  stores  took  such  orders  as  were  given.  The  fact 
th^kt  a  dealer  bought  this  make  of  cheese  only  once  may  be  due  to  a 
variety  of  causes,  such,  for  example,  as  business  relations  with  other 
wholesale  cheese  dealers  in  the  city.  The  fact  that  several  of  the 
leading  grocers  sold  this  cheese  continuously  for  several  months  and 
repurchased  it  every  week  or  oftener,  and  always  without  reporting 
any  complaint  from  consumers,  i&  taken  to  indicate  that  it  was 
satisfactory  to  the  retail  trade  of  this  city. 

An  efiFort  was  made  to  obtain  a  written  opinion  from  every  firm 
outside  of  Madison  to  whom  the  cheese  were  sold.  It  was  usually 
impossible  to  send  many  shipments  to  a  single  purchaser,  because 
it  was  desired  to  distribute  the  available  supply  of  cheese  as  widely 
as  possible. 

The  letters  received  from  dealers  outside  of  Madison  show  that  all 
except  a  very  few  found  the  cheese  to  be  entirely  satisfactory,  and 
salable  at  the  full  market  price.  Here  again  the  occasional  disap- 
proval of  a  cheese  may  be  due  to  an  oversupply  in  the  buyer's  ware- 
house, or  other  causes  than  the  quality  of  the  cheese  iteslf.  It  is 
interesting  to  note  that  pasteurized-milk  cheese  shipped  to  two  firms 
who  apparently  disliked  it  was  the  same  day's  make  as  others  shipped 
on  the  same  date  to  three  dther  firms  who  praised  their  quality  and 
pronounced  them  satisfactory.  In  every  case  dealers  were  informed 
that  the  cheese  ^'was  made  by  special  process,  which  we  are  trying 
at  Madison,  by  which  it  is  hoped  that  cheese  of  cleaner  flavor  and 
greater  uniformity  can  be  obtained.''  In  no  case  were  dealers  in- 
formed as  to  the  nature  of  the  process  or  that  the  milk  was  pasteur- 
ized. The  purpose  was  to  excite  the  dealers'  interest  and  secure 
careful  examination  of  the  cheese,  unqualified  by  any  prejudice  for 
or  against  pasteurization. 

The  very  general  expression  of  approval  of  the  product  in  the  let- 
ters from  dealers  and  experiment  stations  appears  to  warrant  fur- 
ther trial  of  the  method  on  a  larger  scale  than  heretofore. 

THE   EXTRA   COST  OF   MAKING  PA8TEUKIZED-MILK   CHEESE. 

While  it  has  been  shown  that  an  increased  yield  of  cheese  is  ob- 
tained there  are  also  additional  costs,  which  must  be  chained  against 
the  cheese  made  by  this  method.  Such  costs  will  include  the  interest 
on  investment,  and  depreciation,  of  a  pasteurizer,  cooler,  and  receiv- 
ing vat,  a  charge  for  the  hydrochloric  acid  used  and  for  the  expense 
of  steam  heat  and  power  for  pumping  water  for  cooling  the  pasteur- 
ized milk,  and  for  running  the  pasteurizer. 
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Preliminary  estimates,  based  upon  available  data,  seem  to  indicate 
that  the  extra  cost  of  making  pasteurized-milk  cheese  is  less  than  the 
additional  value  of  the  cheese,  leaving  a  net  profit  from  the  use  of  the 
process,  as  compared  with  the  regular  factory  process.  Since  the 
steam  and  water  supplies  used  in  the  work  at  Madison  were  drawn 
from  the  general  service  pipes  of  the  Wisconsin  Agricultural  Experi- 
ment Station  it  was  impossible  to  determine  these  items  of  cost  with 
exactness. 

In  order  to  ascertain  precisely  what  the  charges  for  steam  heat, 
power,  etc.,  are  at  an  average  cheese  factory  in  Wisconsin,  a  com- 
plete outfit  for  making  pasteurized-milk  cheese  wUl  be  set  up  at  a 
country  cheese  factory,  easily  accessible  from  Madison,  and  operated 
by  an  experienced  and  successful  cheese  maker.  Cheese  will  be  made 
there  by  both  the  regular  factory  method  and  by  the  new  method  in 
order  to  ascertain  more  fully  the  cost  of  making,  the  increased  yield, 
and  the  market  value  of  pasteurized-milk  cheese. 

FURTHER   TRIALS   OF   THE    NEW   PROCESS   IN    CHEESE    FACTORIES. 

The  results  described  in  this  bulletin  appear  to  indicate  that  the 
new  method  of  cheese  making  is  an  improvement  over  the  regular 
process  now  commonly  used.  Working  with  the  milk  supply  avail- 
able at  Madison,  the  new  method  is  unquestionably  an  improvement 
over  the  old.  It  is  a  fact  well  known  to  cheese  makers,  however,  that 
the  milk  supplies  found  at  different  factories  do  not  always  behave 
alike  in  the  cheese  vat,  so  that  the  old  process  must  frequently  be 
modified  to  suit  the  conditions  encountered  in  different  localities.  It 
remains,  therefore,  to  test  the  new  method  at  several  factories  in  dif- 
ferent cheese-making  districts  before  it  can  be  recommended  for  use 
generally.  Cheese  makers  are  advised  to  await  the  publication  of 
results  of  further  trials  before  undertaking  to  use  the  new  method  on 
a  commercial  scale. 

It  is  hoped  that  the  new  method  will  receive  careful  attention  and 
criticism  by  such  cheese  experts  at  experiment  stations  in  different 
parts  of  the  country  as  may  be  able  to  give  it  a  trial.  The  authors 
will  be  glad  to  correspond  with  any  one  interested  and  to  aid  in  such 
trials  so  far  as  circumstances  permit. 

SUMMARY. 

PRELIMINARY    AND    COMPARATIVE    WORK    WITH    THE    OLD    AND    NEW 

METHODS. 

The  continued  improvement  of  the  cheese-making  industry  calls  for 
more  economical  factory  management.  Large,  well-equipped  facto- 
ries should  replace  many  of  the  small,  poorly  supported  factories  of 
the  present  time. 
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To  enable  cheese  factories  to  handle  milk  from  larger  areas  of  ter- 
ritory, and  for  other  reasons  also,  a  new  method  of  cheese  making  is 
needed  by  means  of  which  milk  of  variable  quality  from  many  farms 
can  (1)  be  brought  into  practically  uniform  condition  for  cheese 
making  at  the  factory,  and  (2)  can  be  made  up  into  cheese  in  a  uni- 
form, routine  manner  daily  without  variations  of  time  or  method  of 
handling;  also  (3)  cheese  of  greater  uniformity  should  be  produced, 
and  (4)  the  losses  in  yield  and  quality  of  cheese  due  to  defective  milk, 
now  common  in  factories,  should  be  avoided. 

During  the  years  1905  and  1906  experimental  cheese  was  made 
without  starter,  adding  in  its  place  to  the  raw  milk  some  commercial 
acid,  as  hydrochloric  acid  or  other  kinds.  The  method  of  adding  the 
acid  to  milk  was  perfected,  and  a  two  weeks'  trial  of  the  process  was 
finally  made  in  a  commercial  factory  at  Muscoda,  Wis.  It  was  shown 
clearly  that  the  addition  of  hydrochloric  acid  to  milk  in  a  cheese  f  ac 
tory  is  entirely  practicable  and  that  the  quality  of  the  cheese  is  not 
in  any  way  injured  by  such  addition,  but  it  was  also  found  that  the 
quality  of  cheese  obtained  from  overripe  or  tainted  milk  was  no  bet- 
ter than  by  the  use  of  the  ordinary  factory  methods.  Therefore, 
there  was  no  reason  for  recommending  the  use  of  hydrochloric  acid  to 
cheese  makers  at  that  time. 

Most  of  the  defects  observed  in  cheese-factory  milk  are  of  bacterial 
origin,  and  in  other  branches  of  the  dairy  industry  pasteurization  is 
successfuDy  employed  to  overcome  these  faults.  The  desirability 
of  pasteurizing  milk  for  cheese  making,  if  possible,  has  often  been 
pointed  out. 

In  1907  a  few  lots  of  milk  were  pasteurized  in  a  discontinuous 
pasteurizer  and  acidulated  with  hydrochloric  acid,  and  the  cheese 
obtained  was  such  as  to  demonstrate  the  importance  of  further 
study. 

In  1908  equally  good  results  were  obtained  by  use  of  the  contin- 
uous pasteurizer.  A  temperature  of  160°  to  165®  was  decided  upon 
as  being  sufficiently  high  to  effectually  check  bacterial  action  in 
milk  for  cheese-making  purposes.  Bacterial  counts  showed  that 
over  99  per  cent  of  the  total  bacterial  content  of  the  milk  was  de- 
stroyed at  this  temperature.  The  use  of  higher  temperatures  was 
shown  to  be  objectionable  on  account  of  the  effect  upon  the  quahty 
of  the  cheese. 

In  1909  cheese  was  made  almost  daily  both  by  the  regular  factory 
process  and  by  the  new  process  from  pasteurized  milk.  The  regular 
milk  supply  was  thoroughly  mixed  each  day  and  divided  into  two 
lots  for  the  two  different  processes.  The  cheese  made  from  pasteur- 
ized milk  was  found  after  curing  to  be  cleaner  in  flavor  and  superior 
in  texture  to  the  raw-milk  cheese.  The  difference  was  more  marked 
the  poorer  the  quality  of  the  milk  supply.  Many  of  the  details  of 
the  process  were  studied  and  improved. 
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In  1910  the  making  of  cheese  by  the  two  methods  for  comparison 
was  continued,  and  the  entire  output  of  pasteurized-milk  cheese  was 
sold  to  retail  grocers,  mostly  in  the  city  of  Madison,  in  order  to 
determine  how  this  cheese  would  suit  the  trade.  The  cheese  met 
with  ready  and  continued  sale.  It  was  noticed  also  that  the  yield 
of  cheese  was,  regularly,  somewhat  greater  by  the  new  process  than 
by  the  old. 

In  1911  better  facilities  were  provided  for  weighing  large  quan- 
tities of  milk  and  cheese  quickly  and  accurately,  and  the  yields  of 
cheese  obtained  from  raw  and  pasteurized  milk  were  carefully  de- 
termined. The  accuracy  of  the  experimental  methods  was  such 
that  in  making  duphcate  vats  of  cheese  from  pasteurized  milk  the 
yields  differed  by  only  0.58  per  cent  on  the  average.  A  greater 
yield  of  cheese  was  always  obtained  from  the  pasteurized  nulk  than 
from  raw  milk,  and  during  the  year  1911  the  average  gain  in  yield 
of  green  cheese  was  5.37  per  cent.  However,  the  green  pasteurized- 
milk  cheese  shrank  a  Uttle  more  than  the  raw-mUk  cheese,  so  that 
when  paraffined  the  average  gain  in  yield  from  pasteurized  milk  was 
4.76  per  cent.  After  curing  cheese  at  60''  to  70*^  F.  for  about  100 
days,  the  gain  in  yield  of  pasteurized-milk  cheese  over  the  raw  was 
4.22  per  cent. 

SOME  ADVANTAGES  FBOM  THE  USB  OF  PASTEUBIZED  MILK  AND  HYDBO- 

OHLOBIO   AOID. 

The  average  loss  of  fat  in  whey  from  pasteunzed-acidulated  milk 
is  about  0.17  per  cent  measured  at  the  time  the  whey  is  drawn  from 
the  vat.  This  is  less  than  half  the  loss  in  average  factories  using 
raw  milk.  The  total  loss  of  fat  in  whey  and  drippings  from  vat  and 
press,  using  pasteurized  nulk  with  acid,  averaged  1.58  per  cent  of  the 
weight  of  the  cheese,  or  less  than  one-half  of  the  usual  loss  in  han- 
dling raw  milk. 

In  addition  to  this  saving  of  fat,  it  is  found  that  a  somewhat  larger 
proportion  of  moisture  can  be  incorporated  in  pasteurized-milk 
cheese  than  in  ordinary  cheese,  without  damage  to  the  quality. 
The  gain  in  the  yield  of  pasteurized-milk  cheese  is  due  partly  to  fat 
and  partly  to  moisture. 

Scores  and  criticisms  made  by  competent  cheese  judges  show 
that  the  pasteurized-milk  cheese  varies  less  in  quaUty  and  averages 
better  by  3.7  points  of  total  score  than  the  raw-milk  cheese  made 
from  portions  of  the  same  milk  supply.  In  96  per  cent  of  all  cases 
the  pasteurized-milk  cheese  scored  higher  than  the  raw-mUk  cheese. 

Duplicate  sets  of  cheese  were  cured  at  New  Orleans  for  one  month 
at  70^  to  83^  (monthly  average  figures  duriog  the  summer),  and  here 
the  raw  milk  lost  more  in  weight  than  the  pasteurized,  so  that  the 
average  gain  in  yield  of  pasteurized  over  raw  rose  to  6.21  per  cent. 
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From  other  cheese  cured  at  Madison  on  tin  pans  in  a  warm  room,  it 
was  learned  that  th«  raw-milk  cheese  lost  considerable  amounts  of 
fat  at  75^  to  85^  while  the  pasteurized-milk  cheese  lost  none. 

Storage  for  a  month  at  an  average  temperature  of  75°  to  80®  at 
New  Orleans  is  not  recommended  for  any  cheese,  yet  it  was  found 
that  pasteurized-milk  cheese  averaged  3  to  8  points  better  in  total 
score  after  such  storage  than  raw-milk  cheese. 

Since  pasteurized-milk  cheese  can  be  cured  without  injury  at  70®, 
it  is  likely  that  in  most  cases  the  expense  of  cold  storage  for  this 
cheese  can  be  avoided. 

Pasteurized-milk  cheese  can  be  put  into  cold  storage  at  34®  at  the 
age  of  one  week  and  possibly  earlier  without  injury.  The  earlier 
the  cheese  can  be  put  in  storage,  if  this  is  done  at  all,  the  greater  wiU 
be  the  gain  in  yield  by  the  new  process.  It  is  planned  to  study  the 
cold  storage  of  this  cheese  further. 

During  1910-1911  about  $2,100  worth  of  pasteurized-milk  cheese 
was  sold  to  about  50  dealers,  both  wholesale  and  retail,  in  various 
large  cities  from  New  York  to  San  Francisco.  The  cheese  sold 
readily  for  the  ruling  market  prices  and  often  above.  Very  few 
dealers  offered  any  objections  to  them  and  several  wished  to  buy 
them  regularly.  A  good  many  were  sold  throughout  the  South  by 
dealers.  In  general,  the  cheese  passed  through  the  market  without 
exciting  special  comment,  selling  for  full  price  and  giving  satisfaction. 
They  were  not  labeled  or  marked  except  with  a  number  for  purposes 
of  identification.  There  appears  to  be  no  reason. why  pasteurized- 
^  milk  cheese  can  not  be  sold  regularly  in  any  market  with  entire 
satisfaction,  excepting  possibly  to  the  hmited  trade  that  demands 
very  high-flavored  cheese. 

OUTLINE  OF  THE  NEW  METHOD. 

In  the  method  here  described  a  principle  is  appUed  to  the  cheese- 
making  process  which  has  already  been  found  useful  in  many  other 
lines  of  manufacture,  namely : 

The  raw  material,  milk,  is  first  treated  by  a  preparatory  process 
to  bring  it  into  uniform  condition  before  it  enters  the  manufacturing 
process  proper.  Material  of  uniform  quality  thus  prepared  is  made 
up  into  the  finished  product  by  a  uniform  routine  process  without 
daily  variations  of  the  time  schedule  or  other  details,  and  the  product 
is  more  uniform  in  quality,  has  better  keeping  quaUties,  etc.,  than 
the  product  obtained  by  the  older  process. 

The  difficulties  met  with  hitherto  in  making  American  Cheddar 
cheese  from  pasteurized  milk  are: 

First.  That  heated  milk  coagulates  poorly  with  rennet;  and 

Second.  The  curd  when  obtained  does  not  expel  moisture  pre- 
cisely as  a  raw-milk  curd  does,  and  this  effect  is  more  marked  the 
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higher  the  temperature  of  pasteurization.  The  quality  and  behavior 
of  pasteurized-milk  curd  suggest  that  it  lacks  the  acid  which  is 
normally  produced  in  raw-milk  curds  by  the  action  of  bacteria  on 
milk  sugar. 

The  first  of  these  difficulties,  but  not  the  second,  can  be  over- 
come by  adding  calcium-chlorid  solution  to  pasteurized  milk.  This 
method  has  been  tried  experimentally,  but  is  not  recommended  for 
use  in  American  cheese  factories.  Both  difficulties,  however  are  over- 
come by  adding  an  acid,  preferably  hydrochloric,  to  the  pasteurized 
milk.  Hydrochloric  acid  is  normally  present  in  the  human  stomach 
during  the  process  of  digestion  in  larger  proportions  than  that  added 
to  milk  in  this  process  of  cheese  making.  Further,  95  per  cent  of  the 
added  acid  passes  out  of  the  cheese  with  the  whey  during  the  process 
of  manufacture.  On  this  account  no  objection  can  be  made  on 
sanitary  grounds  to  the  use  of  this  acid  in  the  manner  and  for  the 
purposes  described. 

Among  different  lots  of  cheese,  part  of  which  was  made  with 
hydrochloric  acid  and  part  with  calcium  chlorid  added  to  portions 
of  the  same  milk  after  pasteurization,  those  made  with  acid  were 
found  to  be  more  uniform  in  moisture  content  and  superior  both  in 
flavor  and  texture  to  those  made  with  calcium  chlorid.  The  losses 
of  fat  in  the  whey  are  reduced  by  the  use  of  the  acid.  Pasteuriza- 
tion and  acidulation  of  milk  for  cheese  making  appear  to  be  com- 
plementary processes.  Used  together  they  furnish  a  means  for 
bringing  nulk  daily  into  uniform  condition  both  as  to  acidity  and 
bacterial  content  for  cheese-making  purposes. 

The  acidulation  of  milk  with  hydrochloric  acid  after  pasteuriza- 
tion is  accompUshed  without  difficulty  or  danger  of  curdling  by 
running  a  small  stream  of  the  acid,  of  normal  concentration,  into 
the  cooled  milk  as  it  flows  from  the  continuous  pasteurizer  into 
the  cheese  vat.  One  pound  of  hormal-strengtli  acid  is  sufficient  to 
raise  100  pounds  of  milk  from  0.16  per  cent  to  0.25  per  cent  acidity 
(calculated  as  per  cent  of  lactic  acid).  The  amount  of  acid  needed 
each  day  to  bring  the  milk  up  to  0.25  per  cent  acidity  is  read  from 
a  table  or  calculated  from  the  weight  of  the  milk  and  its  acidity'', 
determined  by  the  use  of  Manns's  acid  test  (titration  with  tenth- 
normal sodium  hydrate  and  phenolphthalein).  The  preparation  of 
standard-strength  acid  in  carboy  lots  for  this  work  and  the  acidula- 
tion of  milk  present  no  great  difficulty  to  anyone  who  is  able  to 
handle  Manns^s  acid  test  correctly. 

After  the  milk  is  pasteurized  and  acidulated  three-fourths  per 
cent  of  first-class  starter  is  added  and  the  vat  is  heated  to  85°.  It 
is  set  with  rennet,  using  2  ounces  of  rennet  per  thousand  pounds 
of  milk,  so  that  the  milk  begins  to  curdle  in  7  minutes  and  is  cut 
with  three-eighth  inch  knives  in  25  minutes.    All  portions  of  the 


') 


OUTLINE  OF   THE   NEW   METHOD.  95 

work  after  adding  rennet  are  carried  out  in  an  unvarying  routine 
manner^  according  to  a  fixed-time  schedule  every  day.  As  soon 
as  the  rennet  has  been  added  the  cheese  maker  is  able  to  calculate 
the  exact  time  of  day  when  each  of  the  succeeding  operations  should 
be  performed,  and  the  work  of  making  the  cheese  is  thus  simplified 
and  systematized.  It  is  possible  that  the  routine  process  here  de- 
scribed maybe  varied  somewhat  with  advantage  at  different  factories. 
For  example,  some  experienced  cheese  makers  may  prefer  to  mat  the 
curds  on  the  bottom  of  the  vat  instead  of  on  racks  or  may  find  the 
use  of  the  "curd  gauge"  unnecessary,  and  local  conditions  may 
be  found  in  different  factories  making  other  adjustments  of  details 
desirable.  However,  the  experience  already  had  with  the  process  indi- 
cates that  the  routine  of  daily  operations  found  suitable  at  any  fac- 
tory can  be  practiced  there  throughout  the  season  without  variation. 

It  is  the  intention  to  give  the  new  process  a  thorough  trial  in 
different  cheese  factories  in  various  locaUties  to  test  its  applica- 
bility to  different  milk  supplies  before  recommending  it  for  general 
use  by  cheese  makers.  These  trials  will  show  whether  new  diffi- 
culties may  arise  which  were  not  encountered  heretofore.  Cheese 
makers  are  therefore  advised  to  await  the  publication  of  results  of 
further  trials  of  the  method  by  the  writers  before  undertaking  to 
use  the  new  process  at  their  factories. 

The  extra  cost  of  making  pasteurized-milk  cheese  is  being  studied 
with  a  view  to  finding  out  accurately  what  the  net  profit  is  in  making 
this  cheese  compared  with  the  regular  process. 

The  new  process  should  interest  the  farmer  because  of  the  increased 
yield  and  the  avoidance  of  the  usual  losses  in  yield  and  quality  of 
cheese  due  to  defective  milk.  It  should  interest  the  cheese  maker 
because  the  process  of  making  is  systematized  to  such  a  degree  that 
it  is  conducted  upon  a  fixed-time  schedule  for  all  operations.  It 
should  interest  the  dealer  because  the  cheese  is  more  uniform  in 
quality  and  there  is  less  need  for  cold  storage  in  curing.  Finally, 
the  cheese  should  interest  the  consumer,  because  it  is  more  uniform 
in  flavor  than  most  of  the  cheese  to  be  found  on  retail  counters  and 
because  it  is  made  from  pasteurized  milk  and  is  therefore  a  more 
sanitary  product  than  ordinary  American  cheese  made  from  raw 
milk. 


ADDITIONAL  COPIES  of  this  publication 
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Sm:  I  have  the  honor  to  transmit  for  }xuhlication  as  a  bulletin 
of  this  bureau  the  accompanjring  manuscript,  entitled  ''Chemical 
Changes  Produced  in  Cows'  Milk  by  Pasteurization/'  by  Dr.  Philip 
Rupp,  chemist  in  the  Dairy  Division  of  this  bureau.  The  paper  de- 
scribes a  series  of  experiments  made  with  the  object  of  determining 
the  effect  of  pasteurization  at  various  temperatures  on  the  chemical 
composition  of  cows'  milk.  The  work  was  undertaken  because  of 
certain  objections  which  are  made  against  pasteurization,  it  having 
been  asserted  that  the  process  injures  the  milk  from  a  digestive  and 
nutritive  standpoint,  particularly  as  a  food  for  infants.  It  is  satis- 
factory to  note  from  the  results  of  the  work  that,  so  far  as  the  ordi- 
nary temperatures  used  in  commercial  pasteurization  are  concerned, 
these  objections  are  not  well  founded. 

The  method  of  filtering  the  milk  necessary  for  the  carrying  on  of 
the  tests  consists  of  a  Qew  application  by  Dr.  Rupp  of  the  clay-cell 
filtration  used  by  other  scientists.  This  method  is  fully  described 
and  illustrated  by  a  diagram. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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CHBMICAI  CHANGES  PRODUCED  IN  COWS'  MILK  BY  PASTEUMZATIOir. 


INTRODUCTION . 

One  of  the  objections  frequently  raised  against  pasteurized  milk 
is  that  the  heating  produces  changes  in  the  chemical  composition 
which  make  it  unsuitable  for  infant  noiuishment.  It  is  claimed  that 
a  portion  of  the  soluble  phosphate  of  lime  becomes  insoluble  and  that 
this  change  produces  defective  nutrition,  while  the  changes  iq  the 
lactalbumin  and  in  the  casein  render  the  pasteurized  ttijIIt  more 
indigestible  than  raw  milk;  and  therefore  inferior  as  a  food.  These 
objections  were  brought  forward  at  a  time  when  high  temperatures 
were  employed  in  the  sterilization  of  infants'  milk,  and  they  are  made 
use  of  at  the  present  day  by  the  opponents  of  pasteurization,  even 
though  the  temperatures  used  in  pasteurizing  are  considerably  lower. 

The  objects  of  the  work  herein  described  were  to  study  the  chemical 
changes  produced  by  the  heating  of  milk  at  the  different  temperatures 
used  in  commercial  pasteurization  and  to  determine  whether  a  tem- 
perature that  destroys  all  pathogenic  germs  can  be  used  in  pasteuri- 
zation without  having  any  appreciable  effect  on  the  chemical  compo- 
sition of  the  milk.  Three  points  are  considered:  First,  the  changes 
in  the  phosphates  are  discussed  in  order  to  show  to  what  extent  the 
soluble  phosphate  of  lime  becomes  insoluble.  Second,  the  proteins 
are  examined  to  determine  to  what  extent  the  albumin  is  precipi- 
tated and  the  casein  changed  in  its  characteristic  property  of  coagu- 
lating with  rennin.    Finally,  the  acidity  of  the  milk  is  considered. 

METHOD  OP  PASTEURIZATION  EMPLOYED. 

The  milk  was  pasteurized  in  a  constant-temperature  bath.  The 
water  having  reached  the  required  temperature,  the  cool  milk,  in  an 
Erlenmeyer  flask  closed  with  a  valve  to  prevent  evaporation,  was 
placed  in  the  water  and  occasionally  moved  about  until  it  had  ac- 
quired the  temperatiu^  of  the  water.  This  usually  required  from 
15  to  20  minutes,  according  to  the  height  of  the  temperature.  It 
was  then  allowed  to  remain  for  30  minutes,  after  which  it  was  rapidly 
cooled  to  about  12®  C.  (53*^  F.).  The  milk  used  was  of  very  good 
quality  and  had  a  very  low  bacterial  count.  The  variation  in  tem- 
peratm^  during  pasteurization  was  less  than  0.5®  C.  (0.9®  F.). 
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CHEMICAL  CHANGES  IN  THE  PHOSPHATES. 

The  vast  majority  of  the  experiments  which  show  a  diminution  in 
the  quantity  of  soluble  calcium  salts  in  heated  milk  as  compared  with 
raw  milk  refer  to  milk  which  has  been  heated  to  the  boiling  point. 
But  few  definite  results  can  be  found  showing  a  diminution  of  the 
soluble  calcium  phosphate  in  pasteurized  milk. 

Diffloth^  foimd  a  decrease  in  the  soluble  phosphates,  amounting  to 
a  loss  of  25.9  per  cent,  on  heating  milk  to  60''  C.  (140°  F.)  for  30 
minutes,  while  Babcock '  believes  that  a  change  in  the  solubility  of  the 
lime  salts  is  brought  about  when  the  milk  is  pasteurized,  and  bases 
his  conclusion  on  the  less  ready  coagulability  of  the  milk  by  rennet. 

In  order  to  determine  the  effect  of  pasteurization  on  the  solubility 
of  the  phosphates  in  the  milk,  the  serum  of  both  raw  and  pasteurized 
milk  was  examined. 

METHOD  OF  FILTRATION. 

A  new  application  of  the  clay-cell  filtration  as  used  by  Soxhlet ' 
was  employed.  The  clay  cell  of  a  galvanic  element  is  thoroughly 
cleansed  by  boiling  in  dilute  caustic  soda  and  then  washed  by  filter- 
ing hot  water  throu^  the  cell  by  suction.  The  cell  is  next  boiled  in 
dilute  hydrochloric  acid  and  again  washed  by  suction  with  hot  dis- 
tilled water  until  the  filtrate  no  longer  gives  a  reaction  for  chlorin. 

The  method  of  filtration  is  easily  understood  by  a  description  of 
the  accompanying  diagram  (figure  1). 

An  inverted  bell  jar  (a)  (9  inches  high  and  4  inches  in  diameter)  is 
covered  with  a  perforated  glass  plate  (h)  holding  a  tube  containing 
a  plug  of  cotton  to  admit  air.  Inside  the  jar  is  a  porous  clay  cell  (e) 
of  a  galvanic  element  (5^  inches  high,  2|  inches  in  diameter,  and  the 
cell  wall  one-eighth  of  an  inch  thick)  the  opening  of  which  is  covered 
with  a  piece  of  rubber  dam  (d)  of  medium  thickness  and  supported  on 
a  heavy  glass  plate  (e).  Both  the  rubber  dam  and  the  glass  plate  are 
prorated  for  the  passage  of  a  rubber  stopper  containing  a  glass  tube 
with  a  Geissler  stopcock  (/).  The  upper  end  of  the  tube  is  flush  with 
the  glass  plate  e,  while  the  lower  end  passes  into  a  filtering  fiask  (g) 
of  750  c.  c.  capacity.  A  glass  tube  with  a  two-way  stopcock  (h)  is 
attached  to  the  outlet  of  the  flask,  and  this  in  turn  is  connected  with 
the  suction  apparatus  by  means  of  a  heavy  rubber  tube.  In  order  to 
obtain  airtight  joints  a  Uttle  stopcock  grease  is  placed  on  the  glass 
plate,  and  the  edge  of  the  clay  cell  is  also  coated  with  a  thin  layer. 
The  cover  (b)  of  the  bell  jar  is  held  down  in  the  same  manner. 

1  Diffloth,  Paul.  DurOlede qaelqnes agents phsrsiquesetohimiques dansrinsolubilisatidn desphospbatas 
da  lalt.  Bulletiii  dea  Scienoea  PbamiMotoglqiies,  vol.  10,  p.  273-379.  Paris,  1904.  Abatraet:  Zeitaohrift 
IQr  UnterBoohung  der  Nahrunga-  und  Oenussmittel,  vol.  11,  no.  7,  p.  455-456.    Berlin,  Ai>r.  15, 1906. 

s  Baboock,  8.  M.  The  oentrifogal  separation  of  casein  and  inaohibla  phosphates  flpom  milk.  Wisoonslii 
Agilcaltuna  Ezporiment  Station,  Twelfth  Amiaal  Report  (1896),  p.  96-09.   Madison,  1896. 

s  Soxhlet,  Fnns.  Beitrftge  sor  physiotogischen  Cbemie  der  Mikdu  Joanal  fOr  Pnktische  Chemie, 
new  series,  voL  6,  no.  1/2,  p.  1-52.    Leipsic,  Aug.  24, 1878. 
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To  begin  filtration  remove  the  cover,  evacuate  the  apparatus,  and 
while  the  suction  is  still  on  fill  the  beU-jar  with  nulk.  Then  cut  off 
the  suction  at  A,  replace  the  cover,  and  remove  the  suction  tube.  The 
apparatus  is  now  ready  to  be  placed  in  the  refrigerator. 

The  advantage  of  this  method  over  those  previously  employed  is 
that  the  filtration  can  be  continued  inde&iitely  and  the  serum 
removed  at  any  time  without  hiterfering  with  the  filtration.  Further- 
more, no  concentration  of  the  serum  can  take  place,  as  evaporation  is 
excluded.  The  serum  can  be  removed  at  any  time  by  closing  the 
stopcock  /,  admitting  air  by  opening  fe,  j, 

and  removing  the  filtering  flask.    Then    i  ■        [10== 
replace  the  flask,  evacuate,  close  the  stofH  ^^ 

cock  /^,  and  open/,  and  the  apparatus  is 
ready  for  further  filtration. 

METHODS   OF   ANALYSIS. 

Weigh  about  40  grams  of  milk  (equiva- 
lent to  about  0.1  gram  of  phosphoric 
acid),  evaporate  to  dryness,  and  ignite 
at  a  low  red  heat  until  the  ash  is  free  from 
carbon.  Dissolve  the  ash  in  hot  water 
containing  a  little  hydrochloric  acid  and 
dilute  to  aSout  100  c.  c. 

Basic  neetate  precipitation. — Almost 
neutralize  the  solution  of  the  ash  with 
ammonia,  add  2  c.  c.  of  dilute  acetic  acid 
and  a  slight  excess  of  ferric  chlorid  solu- 
tion of  known  strength  (7.5  c.  c.  of  a  10 
per  cent  solution).  Now  add  13  to  14 
c.  c.  of  a  10  per  cent  ammonium  acetate 
solution,  dilute  to  350  to  400  c.  c.  and 
boil  for  about  one-half  to  one  minute, 
stirring  occasionally  to  prevent  bumping. 
If  the  quantity  of  ferric  chlorid  added  was 
sufficient  the  precipitate  will  be  brownish- 
red,  and  the  precipitation  will  be  complete  as  the  boiling  point  is 
reached  if  the  acetate  was  added  in  sufficient  quantity.  Filter  boil- 
ing hot  through  two  12.5  cm.  filters  and  wash  immediately  with  a  hot 
dilute  ammonium  acetate  solution  (one-half  to  one  per  cent),  using  a 
fine  jet  which  is  played  around  the  edge  of  the  precipitate,  thus  cut- 
ting it  free  from  the  paper  in  order  to  produce  rapid  filtration.  Do 
not  allow  to  drain  dry.  Wash  the  precipitate  in  this  manner  three 
to  four  times  until  free  from  chlorids,  return  to  the  original  beaker 
with  hot  water,  and  dissolve  by  the  addition  of  nitric  acid.    When 


Fig.  1.— Apparatus  for  filtering  milk. 
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the  basic  acetate  precipitation  is  carried  out  as  described  above  the 
filtration  is  always  rapid  and  the  precipitate  never  runs  through  the 
filter.  In  washing  the  precipitate  with  hot  water,  some  flakes  gen- 
erally appear  on  concentrating  the  filtrate  and  washings.  This, 
however,  is  not  the  case  if  a  hot  dilute  solution  of  ammonium  acetate 
is  used. 

The  phosphoric  acid  in  the  basic  acetate  precipitate  was  determined 
by  the  molybdate  method  and  weighed  as  magnesium  p3nrophosphate. 
llie  filtrate  and  washings  from  the  basic  acetate  precipitation  were 
concentrated  and  the  calcium  precipitated  with  ammonium  oxalate. 
The  oxalate  was  redissolved,  reprecipitated,  and  weighed  as  calcium 
oxid.  The  filtrate  and  washings  from  calcium  precipitation  were 
evaporated,  ammonium  salts  removed,  and  the  magnesium  deter^ 
mined  as  pyrophosphate. 

For  serum  analysts  evaporate  about  70  grams  and  ignite  at  a  dull 
red  heat  until  the  ash  is  free  from  carbon.  In  the  basic  acetate  pre- 
cipitation use  6  c.  c.  of  ferric  chlorid  solution  and  9  to  10  c.  c.  of 
ammonium  acetate  solution. 

The  casein  phosphorus  was  determined  by  Nemnann's  method,^ 
Uising,  however,  only  10  c.  c.  of  concentrated  sulphuric  acid.  The 
total  phosphorus  in  the  milk  was  also  determined  by  Neumann's 
method. 

The  specific  gravity  was  taken  by  means  of  a  picnomet^r. 

CHANGES   IN   THE   COMPOSITION   OF  THE   SEBUM   DURING   FILTRATION. 

De  Vries  and  Boekhout,^  using  a  Chamberland  filter  and  pressure, 
found  that  the  quantity  of  calcium  in  the  serum  did  not  vary  in  differ^ 
ent  fractions  during  the  filtration,  the  first  20  c.  c.  of  serum  containing 
the  same  quantity  of  calcium  as  the  second  and  third.  In  order  to 
determine  whether  the  serum  remains  of  constant  composition  during 
filtration  and  for  what  length  of  time  milk  can  be  filtered  at  a  tem- 
perature of  5*^  to  8°  C.  (41°  to  46. 4°  F.)  without  changing  its  composi- 
tion, skim  milk  was  filtered  and  the  serum  analyzed  during  a  period 
of  two  weeks.  Skim  milk  was  used  for  this  experiment  because  it 
filters  more  rapidly  than  whole  milk.  The  results  are  shown  in 
Table  1. 

ft  Netunaim,  Albert.  Einfache  Venschunssmethode  (S&ardgeniisoh-Veraachiiiig).  Zeitschilft  fOr 
Physiologisctae  Cbemle,  yoI.  37,  no.  2,  p.  116-142.    Btrasborg,  Dec.  20, 1902. 

s  Ott  de  Vries,  J,  J.,  and  Boekhout,  F.  W.  J.  Beltrag  ear  Kenntnia  der  Labgerlnnung.  Die  Lend- 
wirtaohaftllohen  VerBUchs-StatioDen,  yoL  66,  no.  8,  p.  221-230.    Berlin,  Feb.  12, 1001. 
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Table  1. — QumUUyqf$ohihlepho9phoTU8inthe  terum  on  different  days  during  the 

fiUratwn  of  raw  skim  milk,  ieparated  at  30^  C,  {86^  F.). 


Casein 

Raw  skbn  mflk 

Serum: 

First  day— 3  boors 

First  day— next  18  hours 

Second  day 

Do 

Third  day 

Fourth  day ,... 

Fifth  day 

•  Sixth  and  seventh  days 

Do 

Tenth  and  eleventh  days 

Thirteenth  and  fourteenth  days 

FUteooth  and  part  of  sixteenth  day. 


Quantity. 


OravM. 


84.3 

81.6 

109.8 


109.3 
112.0 
105.7 
306.0 


156.0 
168.5 
106.0 


Specific 
gravity. 


1.034 

1.023 
1.036 
1.025 


1.025 
1.026 
1.025 
1.026 


1.025 
1.025 


Acidity.i 


17.8 


8.8 
0.0 


9.0 
0.0 
9.0 
9.0 


10.0 
12.0 
14.6 


PiO». 


Percent. 

0.0638 

.2352 

.0753 
.1029 
.1054 
.1065 
.1065 
.1048 
.1054 
.1067 
.1063 
.1074 
.1082 
.1110 


CaO. 


Percent. 


0. 1671 

.0460 
.0554 
.0581 
.0588 
.0578 
.0686 
.0689 
.0679 
.0582 
.0609 
.0633 
.0683 


MgO. 


Percent. 


0.0185 

.0133 
.0138 
.0134 
.0183 
.0137 
.0127 
.0130 
.0120 
.0131 
.0131 
.0139 
.0146 


1  Number  of  cubic  centimeters  of  ^  alkali  required  to  neutralize  100  c  c.  of  senun. 

10 

As  will  be  seen  from  the  above  table  there  is  an  absorption  of  both 
phosphoric  acid  and  calcium  at  the  beginning  of  filtration,  while  the 
magnesium  passes  completely  through  the  cell  wall.  For  this  reason 
the  first  portion  of  the  serum  must  be  rejected  as  worthless  for  making 
comparisons.^  The  quantity  to  be  rejected  varies  with  the  size  of  the 
cell  used  and  may  amoimt  to  from  60  to  90  c.  c. 

The  specific  gravity  of  the  serum  collected  during  the  first  3  hours 
was  1.023,  and  it  increased  to  1.025  during  the  next  18  hours,  after 
which  time  it  remained  constant  during  the  remainder  of  the  experi- 
ment. 

The  acidity  was  8.8  on  the  first  day  and  9  on  the  second  day.  After 
the  ninth  day  the  acidity  began  to  increase  gradually,  being  10  on  the 
tenth  and  eleventh  days,  while  on  the  fifteenth  day  it  was  14.6,  showing 
that  the  lactic  acid  had  considerably  increased. 

The  phosphoric  acid  during  the.  first  3  hours  amounted  to  only 
0.0753  per  cent,  and  it  increased  to  0.1029  per  cent  during  the  next 
18  hours.  On  the  second  day  it  was  0.1054  per  cent,  and  then  re- 
mained constant  until  the  tenth  and  eleventh  days,  when  it  began 
gradually  to  increase,  amoimting  to  0. 1 1 10  per  cent  on  the  fifteenth  day. 

The  calcium  content  was  also  low  during  the  first  3  hours  of  filtra- 
tion, amounting  to  0.045  per  cent,  and  it  increased  to  0.0554  per  cent 
during  the  next  18  hours.  On  the  second  day  it  was  0.0581  per  cent, 
and  began  to  increase  graduaUy  as  the  acidity  increased,  amounting 
to  0.0683  per  cent  on  the  fifteenth  day. 

The  magnesium  remained  constant  during  the  first  11  days  and 
then  increased  very  slowly  up  to  the  fifteenth  day. 

The  experiment  shows,  furthermore,  that  the  filtration  of  a  clean 
jnilk  with  low  bacterial  count  can  be  continued  for  about  one  week 
without  any  appreciable  chemical  changes  taking  place  in  the  serum, 
provided  the  temperature  be  kept  at  6°  to  8^  C.  (42.8^  to  46.4*"  F.). 
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CHEMICAL  CHANGES  PRODUCED  BY  PA6TEUBIZATI0N. 


Before  proceeding  to  the  filtration  of  raw  milk  in  the  tefrigerator, 
several  experiments  were  made  in  which  formaldehyde  had  been 
added  to  the  milk  as  a  preservative.  This  was  done  in  order  to 
carry  on  the  filtration  at  room  temperature.  The  results  obtained 
showed  that  the  serum,  after  the  first  day's  filtration,  remained  of 
constant  composition,  and  led  up  to  carrying  out  the  filtration  of  a 
pure  milk  in  the  refrigerator. 

Having  thus  shown  that  the  serum  remains  of  constant  composi- 
tion after  the  first  day  of  filtration,  the  next  step  was  to  determine 
whether  there  were  any  demonstrable  changes  produced  in  the 
soluble  phosphates  by  pasteurization.  In  order  to  produce  a  maxi- 
mum precipitation  the  highest  temperature,  68.3^  C.  (155^  F.), 
employed  in  the  holder  process  was  chosen.  The  results  obtained 
are  shown  in  Table  2. 

Table  2. — Qtumtily  of  soluble  phosphates  irt  the  servmi  of  raw  whole  milk  and  in  whole 

tnUk  paateuriud  ai  68.9''  C.  (ISS""  F.)for  SO  minutes. 


Speoiflc 

gravity. 

Acidity. 

PfOt. 

CaO. 

UgO. 

Casein 

Pireent. 

0.0505 

.2919 

.1074 
.1078 
.1082 

.1078 
.1063 
.1089 

Per  emu. 

J^tt  Cfltf. 

Rftw  whAln  mflk. . 

1.039 
1.096 

16.0 
9.8 

0.1740 

.0028 
.0694 
.0081 

.0611 
.0613 
.0627 

O.O903 

Raw  senim: 

Seeond  and  third  daTs 

.0142 

Do 

.0142 

Fifth  and  sUth  days 

1.006 
1.096 

9.0 
9.6 

.0143 

Pasteurized  serum: 

ftemnH  »nA  thWt\  daV4 

.0140 

Do 

.0140 

Fifth  and  sixth  days 

1.026 

9.4 

.0141 

It  will  be  seen  from  the  table  that  the  changes  produced  by 
pasteurization  at  68.3^  C.  (155^  F.)  for  30  minutes  are  trifling.  Tie 
phosphoric  acid  content  remains  the  same  in  both  the  raw  and  the 
pasteurized  serum.  The  quantity  of  lime  salts,  while  a  trifle  lower 
in  the  pasteurized  than  in  the  raw  serum,  is  still  within  the  limit  of 
error,  and  the  magnesia  remains  the  same  in  both  serums. 

Other  experiments  made  with  skim  milk  showed  results  agreeing 
in  every  particular  with  this  one  made  with  whole  milk.  All  prelim- 
inary experiments  were  made  with  skim  milk  because,  as  preyioualy 
stated,  it  filters  more  readily  and  thus  gives  a  larger  quantity  of 
serum  for  analysis. 

Comparing  Table  1  with  Table  2  we  find  that  the  variation  in  the 
quantity  of  soluble  lime  salts  between  the  two  samples  of  milk  is 
far  greater  than  that  found  between  the  raw  and  pasteurized  serums. 
For  this  reason  the  objection  frequently  raised  against  pasteurized 
milk  as  an  infant  food,  on  the  ground  that  the  soluble  lime  sidts  are 
diminished  by  the  process  of  pasteurization^  is  without  foundation. 
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CHEMICAL  CHANGES   IN   THE   PROTEINS. 

LAGTALBUMIN. 

Different  investigators  do  not  agree  as  to  the  exact  temperature 
at  which  the  coagulation  of  the  albumin  begins.  Steiner  ^  found  no 
change  on  heating  milk  for  25  minutes  at  60°  C.  (140°  F.),  while 
Solomin  ^  says  that  the  change  seems  to  begin  at  this  temperature, 
and  Jensen  and  Plattner'  also  found  some  coagulation  in  milk 
heated  for  five  hours  at  60°  C.  (140°  F.).  Babcock  ^  could  find  no 
change  on  heating  milk  for  20  minutes  at  65°  C.  (149°  F.),  wWle 
WoU  ^  states  that  coagulation  begins  at  this  temperature.  According 
to  WiUoughby  •  the  change  begins  at  70°  C.  (158°  F.),  while  de  Freud- 
enreich  ^  found  15  to  20  per  cent  coagulated  on  heating  milk  for 
30  minutes  at  68°  to  69.5°  C.  (154.4°  to  157°  F.).  A  series  of  experi- 
ments were  therefore  undertaken  to  determine  at  what  temperature 
the  change  in  the  albumin  begins,  and  to  what  extent  it  is  coagulated 
at  the  different  temperatures  commonly  employed  in  the  pasteuriza- 
tion of  milk. 

METHODS  OP  ANALYSIS. 

Casein. — ^To  10  grams  of  milk  were  added  50  c.  c.  of  distilled  water 
at  40°  C.  (104*^  F.),  then  1.5  to  2  c.  c.  of  a  saturated  alum  solution 
were  added  gradually.  The  precipitate  was  allowed  tq  settle,  was 
then  filtered  and  washed.  The  precipitate  and  filter  paper  were 
treated  by  the  Gunning  method,  adding  about  0.2  gram  of  copper 
sulphate. 

Albumin  and  globulin. — The  albumin  and  globulin  in  the  filtrate 
and  washings  were  precipitated  with  10  c.  c.  of  Almfin's  tannin  solu- 
tion; this  was  allowed  to  settle,  was  then  filtered  and  washed.  The 
precipitate  was  treated  the  same  as  under  casein. 

Tables  3  to  6  show  the  results  of  the  experiments  to  determine  the 
lactalbumin  precipitated  in  whole  milk  pasteurized  for  30  minutes  at 
temperatures  ranging, from  62.8°  C.  (145°  F.)  to  71.1°  C.  (160  F.). 

1  Stefner,  R.  BeitrSge  car  Kenntnis  des  EinflusBes  der  Pasteurisionmg  auf  die  BMchafltaheit  dor  Milch 
und  auf  den  Butterangs  Process.  Kflch-Zeftung,  toL  30,  no.  26,  p.  401-403,  June  20;  no.  28,  p.  435,  July  13. 
I^peic,  1001. 

s  Solomin,  P.  Ueber  die  beim  Erhltsen  der  Hllch  aus&nenden  Eiwetasmengen.  Archiv  fOr  Hygiene, 
voL  28,  no.  1,  p.  43^48.    Munich  and  Leipde,  1896. 

*  Jensen,  Orla,  and  Plattner,  Ernest.  De  Taction  du  ohauflage  sur  le  lait  de  vache.  Reyue  O^ndrale  du 
Lait,  vol.  4,  no.  16,  p.  361-^68,  May  30;  no.  17,  p.  388-397,  June  15;  no.  18,  p.  410-434.    Lierre,  1905. 

4  Babcock,  8.  M.  The  oentrifu^  separation  of  casein  and  insoluble  phosphates  firom  milk.  Wisconsin 
Agricultural  Experiment  Station,  Twelfth  Annual  Report  (1805),  p.  93-00.    Madison,  1806. 

*  Won,  F.  W.  The  effect  of  pasteurization  and  sterilization  on  the  visoosity  and  fat  globules  of  milk 
and  cream.  Wisconsin  Agricultural  Experiment  Station,  Twelfth  Annual  Report  (1805),  p.  164-178. 
Madison,  1896. 

*  WiUoughby,  Edward  F.    Milk,  its  production  and  uses.    London,  1003.    See  p.  126-126. 

V  De  Freudenreich,  Ed.  Sur  la  pasteurisation  du  lait  dans  I'alfanentation  de  Penfanoe.  Revue  06n^rale 
du  Lait,  VOL  4,  no.  10,  p.  433-437.    Liene,  July  15, 1906. 
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Table  3. — QuantUiff  of  aUnanin  predpilaUd  in  raw  whole  mUk  and  tn  n»£b  pagteuna§d 

at  et.S'*  C.  {146''  F.)for  SO  minute$. 


- 

Raw  milk. 

Pastsoriied  mITk. 

L 

n. 

A'wage. 

L 

n. 

a™^ 

Oawiii  nitrOMi 

Percent. 

a4008 

.0990 

PercenL 

a4087 

.0998 

Percent. 

a  4015 

.0997 

Percent. 

a  4015 

.0996 

PercenL 

a  4010 

.0997 

PercenL 
0l40U 

Albumin +ciobiilin  nitroisBQ 

PROTEIN- NITROOENXO.  38. 


OMBfal 

Albumin+globolin 


2.554 
.635 


2.549 
.637 


2.502 
.636 


X561 
.635 


2.558 
.636 


%.sn 


No  albumin  precipitated. 


Table  4. — QtuintUy  of  albumin  predpitaUd  in  raw  whole  milk  and  in  milk  pasteurized 

at  66.6'*  C.  (160'*  F.)for  SO  minutes. 


RawmOk. 

Fasteoriaedmflk. 

L 

n. 

Average. 

I. 

n. 

Average. 

Percent. 

0.4200 

.0963 

PercenL 

0.4218 

.0978 

PercenL 

0.4239 

.0961 

Percent. 

0.4820 

.0020 

Per  cent. 

a4328 

.0929 

Cmcip niiFOffHi  ........................... 

PercenL 
0.4324 

AlhuminU-iiiobnUn  nltromn . . 

.0025 

PROTEIN- NITROOENX6. 88. 

OaMin 

i717 
.627 

2.691 
.024 

X704 
.626 

2.756 
.587 

2.762 
.503 

2.759 

Alhn>nln4.vlobulin .-t,... 

mo 

Albumin  precipitated— 5. 76  per  cent. 


Table  5. — Qiumtity  of  albumin  precipitated  in  raw  whole  milk  and  in  milk  pasteurized 

at  6S.S'^  C.  (166'*  F.)/or  SO  minutes. 


Raw  milk. 

Pasteurised  milk. 

I. 

n. 

Avenge. 

I. 

n. 

Average. 

Casf in  nltrop^n 

PercenL 

0.8739 

.0963 

Percent. 

0.3812 

.0981 

PercenL 

0.3776 

.0972 

PercenL 

0.3910 

.0663 

Percent. 

0.3878 

.0833 

PercenL 
0.3894 

Alhiimtn+ifinhnUn  nliroemi 

.OBtt 

PROTEIN-  NITROOENX6.38. 

CSaaein 

2.385 
.614 

2.432 
.626 

2.409 
.620 

2.405 
.551 

2.474 
.531 

2.485 

Alhnmfn+irtohvlfn  ,...,_.._ 

.541 

Albumin  precipitated- 12.75  per  cent. 
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Tablv  6. — Quantity  of  albumin  precipitated  in  raw  whole  milk  and  in  milh  patieurized 

at  JIA'^C.  {IW  F.)/or  SO  minutes. 


Raw  milk. 

Pasteorised  milk. 

I. 

n. 

AwngB. 

I. 

n. 

ATorage. 

CbsqIii  nltroKBD 

Per  cent. 

0.3860 

.0061 

Per  cent, 

0.3861 

.0980 

Per  cent. 

0.3856 

.0976 

Percent, 

0.4200 

.0681 

Percent, 

0.4160 

.0667 

Percent, 
0.4186 

Albnmhl+ffwbnlin  nltromii  . 

.0674 

PROTEIN-  N  lTUOOENX(U8. 

Cteiefn      

2.462 
.613 

2.467 
.631 

2.460 
.622 

2.670 
.434 

2.660 
.426 

2.670 

A  lbnm*i»+g^ohnlto 

.430 

Albumin  precipitated—  30.87  per  cent 

From  an  analysis  of  the  above  tables  it  is  apparent  that  no  albumin 
is  coagulated  on  heating  milk  for  30  minutes  at  62.8^  C.  (145^  F.), 
the  temperature  most  commonly  used  in  the  holder  process  in  com- 
mercial pasteurization.  At  65.6^  C.  (150^  F.)  the  separation  of  the 
albumin  has  begun,  5.71  per  cent  having  become  insoluble.  At  68.3^ 
C.  (155®  F.)  the  quantity  has  increased  to  12.76  per  cent,  wnile  at 
71.1"*  C.  (160®  F.)  30.87  per  cent  of  the  albumin  has  been  coagulated. 

CASEIN. 

The  condition  in  which  casein  exists  in  milk  has  not  as  yet  been 
fully  explained.  The  effect  of  heat,  shows  itself  in  two  ways.  In  the 
first  place,  the  rennin  coagulation  may  be  accelerated,  retarded,  or 
even  inhibited;  and  in  the  second  place,  the  coagulum  may  assume 
a  different  character  from  that  obtained  from  raw  milk. 

The  great  majority  of  authors  agree  that  no  change  in  rennin 
coagulation  takes  place  below  65®  C.  (149®  F.).  Steiner^  found  a 
retardation  in  milk  heated  to  60®  C.  (140®  F.),  while  Fleischmann  and 
Molten '  found  the  milk  less  sensitive  to  rennin  when  heated  for  two 
hours  from  60®  to  70®  C.  (140®  to  158®  F.).  According  to  Van  Slyke 
and  Publow  *  milk  heated  above  65.6®  C.  (150®  F.)  for  a  considerable 
length  of  time  coagulates  less  rapidly  and  the  coagulum  is  highly 
flocculent.  De  Freudenreich  ^  finds  the  coagulum  unchanged  at  68® 
to  69.5®  C.  (154.4®  to  157.1®  F.).  Jensen  and  Plattner*  state  that 
retardation  begins  on  heating  milk  for  five  hours  at  70®  C.  (158®  F.}, 
while  Mayer  ^  places  the  beginning  at  75®  C.  (167®  F.).    Stassano  and 

tLocdt. 

I  Fleischmami,  W.,  and  Morgen,  A.  Einigee  fiber  die  nach  ScherlTs  Verfliliren  conseryirte  Flasdian 
milch.    Die  LandwirtlischaftUchen  Veisuch  Stationen,  voL  28,  p.  321-332.    Berlin,  1883. 

<  Van  Slyke,  Luciiu  L.,  and  Publow,  Charles  A.  The  scienoe  and  practice  of  cheeM-making,  p.  310i 
New  York,  1009. 

*  Mayer,  AdolL  Bestimmtmgen  der  Wirksamkelt  dee  Labformentea  tmMr  TecBObtodenen  ftosnran  Um- 
ttinden.  liiteh-Zeitang,  vol.  10,  no.  2,  p.  17-19,  Jan.  12;  no.  3,  p.  38-88,  /an.  10;  no.  4,  p.  49-62,  Jan.  20;  no. 
I,  p.  81-84,  Feb.  0.    Bremen,  1881. 
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Talarico  *  differ  from  all  the  preceding  in  that  they  observed,  an  accel- 
eration of  rennin  coagulation  in  milk  heated  from  55°  to  65*^  C.  (131*^ 
to  149**  F.),  while  at  70**  C.  (158**  F.)  the  heated  milk  behaved  the 
same  as  raw  milk,  and  above  70**  C.  (158**  F.)  the  retardation  began. 
The  following  experiments  were  made  with  raw  milk  and  milk 
pasteurized  at  various  temperatures: 


METHOD  OF  COAGULATION. 


The  apparatus  consisted  of  a  large  galvanized-iron  box  having 
four  cylindrical  compartments  surroimded  by  water.  The  upper 
openings  were  of  sufficient  size  to  admit  a  cylindrical  percolator 
(1  foot  high  and  2^  inches  in  diameter),  the  lower  openings  being 
about  one-fourth  of  an  inch  in  diameter.  A  small  glass  tube  drawn 
out  into  a  capillary  was  inserted  into  the  neck  of  the  percolator  by 
means  of  a  perforated  rubber  stopper. 

In  making  the  test,  the  water  in  the  box  was  heated  to  the  required 
temperature,  the  percolators  were  then  placed  in  the  compartments 
and  allowed  to  remain  until  they  had  acquired  the  temperature  of 
the  bath,  the  upper  openings  being  covered.  Next  200  c.  c.  of  milk 
were  heated,  the  rennin  solution  added,  and,  after  mixing,  poured 
into  the  percolator.  The  upper  opening  was  then  closed  with  a  cover 
and  the  time  required  for  the  milk  to  coagulate  in  the  tube  noted. 
The  flow  through  the  tube  was  regulated  by  breaking  oflF  the  capillary 
to  such  an  extent  that  all  tubes  dropped  at  the  same  rate. 

For  each  experiment  200  c.  c.  of  miUc  were  heated  in  an  Erlenmeyer 
flask  to  35**  C.  (95®  F.)  and  5  c.  c.  of  rennin  solution  (0.15:  100  c.  c. 
of  water)  added.  This  was  taken  as  the  beginning  of  the  coagula- 
tion time;  the  end  point  was  when  the  milk  stopped  dropping  from 
the  capillary  tube.  The  rennin  solution  was  made  of  such  strength 
that  the  raw  milk  coagulated  in  about  20  minutes.  The  results  are 
shown  in  the  following  table : 

Table  7. — Time  reauired/or  rennin  coagulation  of  raw  whole  milk  and  of  whole  mUk 
pasteurized  at  different  temperatures.  Milk  gOO  c.  c,  rennin  solution  (0.15  gram: 
100  c.  c.  of  water)  5  c.  c. 


Raw 

milk. 

Milk  pasteurised  at- 

Experiment. 

66«C. 
(131«  F.). 

60*  C. 
<140»  F.>. 

66»C. 
(149*  F.). 

70*  C. 
(168*  F.). 

75»C. 
(167^  F.). 

^ i 

M.   a, 

18    30 

18  08 

19  34 
19    23 

2£.  9. 

17    28 
16    56 

M,  9. 

17    10 
16    53 

M.   9. 

17    12 
17    12 

M.  9, 

M.     9. 

* 

« i 

20    88 
20    25 

36   80 

37  ao 

>  Stassano,  H.,  and  Talarioo,  J.  De  I'lnfluence  de  lacuisson  sur  la  cas^lflcatlon  du  lalt  par  le  lab-ferment. 
Compteg  Rendus  Habdomadairai  dee  Bteooes  et  lUmoJns  de  la  8oci6t6  de  Biokgie,  voL  60  (annteJO, 
tome  2),  no.  28,  p.  254-256.    Pan  i,  Aug.  5, 1910. 
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Prom  the  above  table  it  will  be  seen  that  milk  pasteurized  at  55®  C. 
(131**  F.),  60**  C.  (140**  F.),  and  65*^  C.  (149**  F.)  all  coagulate 
more  rapidly  with  rennin  than  does  the  raw  nulk.  This  result  was 
obtained  in  all  cases  in  a  large  number  of  experiments.  At  70**  C. 
(158**  F.)  the  retardation  of  rennin  coagulation  has  begun,  while  at 
75»**  C.  (167**  F.)  the  time  has  about  doubled  and  the  coagulum  is 
highly  flocculent. 

CHANGES  IN  THE  ACIDITY. 

Woll  ^  and  de  Fteudenreich  *  find  no  appreciable  change  in  the 
acidity  of  milk  pasteurized  at  67**  to  68**  C.  (153**  to  154.4**  F.)  for 
20  minutes.  Hof t '  and  Jensen  and  Plattner  *  on  the  other  hand 
find  a  diminution  in  the  acidity  on  heating  milk. 

From  a  large  number  of  experiments  made  during  the  coagulation 
of  milk  by  rennin,  it  was  found  that  the  acidity  of  the  milk  always 
diminished  Muring  pasteurization.  While  the  diminution  was  slight 
it  amounted  to  several  tenths  of  a  cubic  centimeter,  and  was  always 
sufficient  to  be  determined  by  titration  with  tenth-normal  caustic- 
soda  solution.  The  diminution,  however,  is  insignificant  and  is 
probably  due  to  a  loss  of  carbonic  acid  during  the  heating.  Further- 
more, the  diminution  varies  in  different  samples  of  milk. 

SUMMARY  AND  CONCLUSIONS. 

1.  Milk  pasteurized  by  the  holder  process  at  62.8**  C.  (145**  F.)  for 
30  minutes  does  not  undergo  any  appreciable  chemical  change. 

2.  The  soluble  phosphates  of  lime  and  magnesia  do  not  become 
insoluble.  At  68.3**  C.  (155**  F.)  the  quantity  of  phosphoric  acid, 
lime,  and  magnesia  in  the  serum  of  both  raw  and  pasteurized  milk 
are  practically  the  same. 

3.  The  albumin  does  not  coagulate  at  62.8**  C.  (145**  F.),  but  at 
65.6**  C.  (150**  F.)  5.75  per  cent  of  the  albumin  is  rendered  insoluble. 
As  the  temperature  increases  the  amount  of  coagulated  albumin 
increases.  At  68.3**  C.  (155**  F.)  the  quantity  increases  to  12.75  per 
cent,  and  at  71.1**  C.  (160**  F.)  it  amounts  to  30.78  per  cent. 

4.  The  time  required  for  coagulating  the  casein  by  rennin  is  slightly 
less  in  milk  pasteurized  at  temperatures  up  to  65**  C.  (149**  F.)  than  it 
is  in  raw  inilk.  At  70**  G.  (158**  F.)  there  is  a  slight  retardation, 
while  at  75®  C.  (167**  F.)  the  time  has  almost  doubled. 

5.  The  acidity  as  determined  by  titration  is  slightly  diminished 
in  pasteurized  milk. 

1  Loc.  cit. 

>  HOa,  H.    Ueber  die  Vcr&nderung  der  AciditAt  der  l£ilch  beim  Erhitxen.    Milch-Zeitung,  vol.  30,  no. 
7,  p.  103.    Leipzig,  Feb.  16,  lOOl. 
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THE  ACTION  OF  ARSENICAL  DIPS  IN  PROTECTING  CATTLE  FROM 

INFESTATION  WITH  TICKS. 


SUMMARY. 


In  this  bulletin  the  factors  entering  into  the  efficacy  of  dips  used  against  ticks 
are  discussed.  Dips  act  both  in  a  direct  destructive  way  and  in  a  protective 
manner  preventing  infestation.  The  protective  action  of  a  dip  may  be  In  the 
nature  of  a  destructive  or  of  a  repellent  action.  The  influence  of  dips  on  ovi- 
position  and  the  viability  of  the  eggs  is  a  factor  in  efficacy. 

The  ingredients  of  homemade  arsenical  dips  and  the  known  or  probable 
functions  of  each  ingredient  are  discussed. 

It  is  su^ested  herein  that  any  protective  action  that  the  usual  arsenical  dips 
might  have  would  be  expected  to  be  due  to  a  toxic  rather  than  to  a  repellent 
action.  Watkins-Pitchford  has  shown  that  cattle  dipiied  in  arsenic  are  poisonous 
to  ticks. 

Ticks  are  destroyed  by  dips  either  by  suffocation  or  by  poisoning,  or  by  both 
means.  Tests  were  conducted  showing  that  ticks  are  suffocated  by  the  closing 
of  the  respiratory  openings  (siiiracles).  It  w^ns  found  that  practically  all  en- 
gorged females  that  had  their  spiracles  closed  with  Canada  balsam  died.  In 
other  tests  of  the  same  sort,  in  which  oils  were  used,  Beaumont  oil  proved  much 
less  effective  than  Canada  balsam,  and  cottonseed  oil  was  practically  without 
effect. 

Smearing  the  scutum  and  mouth  parts  of  engorged  females  with  oils  and  vis- 
cous substances  had  no  influence  on  the  mortality,  or  oviposit  ion,  or  on  the  per 
cent  of  eggs  hatching. 

In  tests  in  which  engorged  females  were  dipped  in  Beaumont  oil  and  in 
cottonseed  oil  the  former  proved  very  much  more  effective  than  the  latter,  and 
this  is  due  in  all  probability  to  a  toxic  action.  Beaumont  oil  had  a  marked 
influence  on  ovl position,  on  the  number  of  eggs  deposited,  and  on  the  viability  of 
the  eggs,  whereas  cottonseed  oil  had  no  effect.      * 

The  possible  avenues  for  the  entrance  of  arsenic  into  the  bodies  of  ticks  are 
enumerated,  and  the  i)orose  areas  are  pointed  out  as  possible  vulnerable  points 
in  the  armor  of  the  tick. 

Three  cattle-dipping  experiments  were  conducted  with  an  arsenical  dip  con- 
taining 8  pounds  of  arsenic  trioxid  to  500  gallons  of  water,  in  order  to  test  its 
protective  action  against  tick  infestation.  Seed  ticks  were  placed  on  the  cattle 
at  varying  periods  after  they  were  dipped.  In  the  first  experiment  the  ticks 
were  placed  on  the  cattle  at  periods  ranging  from  a  few  hours  to  four  weeks, 
in  the  second  from  a  few  hours  to  two  days,  and  in  the  third  at  five  days  after 
dipping.  It  was  found  that  the  dip  rendered  no  protection  when  the  exposure  to 
infestation  was  five  days  or  longer  after  dipping.  The  limit  of  protection 
ascertained  in  the  experiments  was  two  days.  No  tests  were  made  covering 
the  intervening  period  between  two  and  five  days. 

Arsenical  poisoning  which  occurred  among  the  animals  in  one  experiment 
was  apparently  caused  by  undissolved  arsenic  in  the  dip.  It  would  therefore 
seem  that  undissolved  arsenic  in  a  dip  is  highly  dangerous 
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It  Is  showu  conclusively  that  the  protective  action  of  arsenic  is  dependent  on 
its  toxic  action,  and  not  on  a  repellent  action. 

As  a  result  of  incidental  observations  made  on  engorged  female  ticks  from 
animals  suffering  from  Texas  fever  it  was  found  that  the  mortality  of  such 
ticks  may  be  very  high,  as  much  as  95  per  cent  The  cause  for  this  is  not 
known.  It  may  be  nutritional  in  character,  due  to  the  changed  or  impoverished 
condition  of  the  blood  absorbed,  or  it  may  be  due  to  the  parasitism  of  Piro- 
plasma  higeminum,  the  microorganism  which  is.  the  direct  cause  of  Texas  fever. 

Observations  made  for  the  purpose  of  determining  whether  there  was  any 
relationship  between  the  degree  of  infestation  and  the  time  elapsing  between  the 
last  dipping  and  the  infestation,  and  also  on  the  mortality  of  engorged  females 
from  dipped  animals  infested  subsequently  to  dipping,  as  compared  with  that  of 
ticks  from  undipped  animals,  were  inconclusive.  Oviposition  and  viability  of 
the  eggs  of  these  ticks  appeared  to  be  unaffected. 

INTRODUCTION. 

The  efBcacy  of  a  dip  used  against  such  a  pest  as  the  cattle  tick  may 
be  considered  under  two  heads,  namely,  its  direct  destructive  action, 
and  its  protecti\'e  action  in  preventing  reinfestation.  (Protective 
action  may  be  the  result  either  of  a  destructive  or  of  a  repellent  action, 
or  of  both.)  These  properties  are  no  doubt  combined  to  a  certain 
degi'ee  in  all  dips  that  have  proved  effective  against  ticks.  The  rela- 
tive importance  that  they  assume,  from  a  practical  standpoint,  de- 
pends on  the  particular  purpose  for  which  dipping  is  done.  If  it  is 
desired  to  render  cattle  free  of  ticks,  and  they  are  not  to  be  subjected 
to  the  dangers  of  reinfestation,  the  protective  value  of  the  dip  is  of 
minor  importance.  On  the  other  hand,  if  the  purpose  is  to  eradicate 
the  ticks  from  a  given  area,  and  the  animals  are  turned  back  on  in- 
fested fields  subsequent  to  each  treatment,  the  protective  value  of  a 
dip  assumes  considerable  importance.  In  the  former  case  the  pro- 
tective properties  would  be  of  value  only  in  case  the  animals  should 
by  accident  be  subjected  to  infestation  subsequent  to  dipping,  whereas 
in  the  latter  case  they  tt-ould  play  an  important  part  in  bringing 
about  extermination.  It  is  conceivable,  though  we  have  no  such  dips 
at  present,  that  a  dip  might  stand  low  in  its  direct  destructive  action 
and  still  prove  highly  effective  in  eradication  work  because  of  its 
protective  (repellent)  properties. 

In  addition  to  the  destructive  and  protective  qualities  of  a  dip 
another  factor  must  be  considered,  and  that  is  its  influence  on  ovipo- 
sition and  on  the  viability  of  the  eggs  deposited.  It  has  been  pointed 
out  in  Bulletin  144  of  tlie  Bureau  of  Animal  Industry  that  arsenic 
diminishes  both  the  number  of  eggs  deposited  by  females  that  survive 
and  to  a  marked  degree  the  viability  of  the  eggs.  Certain  oils  also 
affect  the  number  of  eggs  deposited  and  the  viability  of  the  eggs. 
Various  oils  are  known  to  be  more  or  less  effective  against  ticks,  and 
they  all  no  doubt  possess  a  certain  amount  of  protective  value,  de- 
pendent on  their  odor,  their  disagreeable  nature,  or  the  destructive 
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action  they  exert  when  seed  ticks  come  in  contact  with  them.  Other 
things  being  equal,  the  less  volatile  the  oil  the  longer  the  protective 
action  lasts. 

The  arsenical  dips  which  have  shown  a  high  degree  of  efficacy 
against  ticks  were  commonly  supposed  to  have  little  or  no  protective 
value  until  Watkins-Pitchford  ^  in  1910  showed  by  experiments  that 
animals  dipped  in  arsenic  are  poisonous  to  ticks.  The  same  author ' 
in  other  experiments  found  that  16.8  per  cent  of  the  adult  ticks  that 
became  attached  to  cattle  shortly  after  dipping  in  arsenic  (4  pounds 
of  arsenite  of  soda  (80  per  cent  arsenic),  3  pounds  of  soft  soap,  and  1 
gallon  of  paraffin  to  make  400  gallons  of  dip)  were  dead  at  the  end 
of  three  days,  and  that  in  the  case  of  horses  22.5  per  cent  of  the  ticks 
were  dead.  In  one  experiment  in  which  horses  had  been  frequently 
dipped  the  tick  mortality  was  36.8  per  cent  among  ticks  that  attached 
during  the  course  of  three  days. 

Arsenical  dips  containing  sodium  metarsenite  in  alkaline  solution 
and  an  admixture  of  pine  tar  could  not  be  expected  to  exert  any 
repellent  action  because  of  their  physical  nature  or  their  odor,  except 
in  so  far  as  the  tar  is  concerned,  the  action  of  which,  however,  must 
be  very  slight.  Any  protective  value  that  such  dips  have,  therefore, 
must  necessarily  depend  largely  on  the  toxicity  of  the  arsenic  present 
on  or  in  the  skin  of  dipped  animals.  Watkins-Pitchford  ^  found 
that  the  arsenical  dip  above  mentioned  retarded  infestation  with 
larvae  and  nymphs  of  the  brown  tick.  The  time  between  treatment 
and  infestation  is  not  stated,  but  it  was  presumably  only  a  few  hours. 
The  author  attributed  the  protective  action  to  the  paraffin  component 
of  the  dip.  It  was  found  that  dipping  did  not  hinder  infestation 
with  the  adult  of  the  brown  tick,  but  that  the  number  on  cattle  sub- 
jected to  infestation  rapidly  decreased  as  a  result  of  the  poisonous 
effect  of  the  arsenic  present  in  the  skin  of  the  animals. 

In  the  work  of  tick  suppression  and  tick  eradication  in  this  and 
other  countries  arsenical  dips  have  proved  satisfactory  when  used 
at  regular  intervals.  The  strength  of  the  dip  and  the  interval  be- 
tween treatments  have  been  determined  with  a  view  of  obtaining  the 
best  results  with  as  little  injury  to  the  cattle  as  possible.  The  inter- 
val between  dippings  has  rested  largely  on  an  empirical  basis,  except 
in  the  case  of  treatment  dii'ected  against  certain  species  of  ticks  of 
economic  importance  in  South  Africa  that  drop  from  their  host 
previous  to  each  molt,  in  which  case  the  period  has  been  based  in 
some  instances  on  the  minimum  time  the  tick  has  been  found  to  re- 
main attached  to  the  host.     Little  is  known  as  to  how  much  the  ar- 

*  Natal  Agricultural  Journal,  Pletermaritzburg,  vol.  15,  no.  3,  Sept.,  1910,  pp.  312-328. 

*  Axricultural  Journal,  Union  of  South  Africa,  Pretoria,  vol.  2,  no.  1,  July,  1911,  pp. 
33-79.     Rhodesia  Agricultural  Journal,  Salisbury,  vol.  10,  no.  3,  Feb.,  1912,  pp.  372-400. 

78867*— Bull.  167—13 2 
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senical  dip  plays  in  a  protective  way  in  bringing  about  the  results 
that  have  been  attained.  It  was  with  a  view  of  det^mining  to  what 
extent  and  for  how  long  arsenic  protects  against  infestation  that  the 
experiments  detailed  in  this  paper  w^e  taken  up. 

COMPOSITION  OF  ARSENICAL  DIPS. 

Arsenic  seems  to  have  almost  a  specific  action  on  ticks.  The 
arsenical  dips  in  use  against  ticks  as  a  rule  have  their  arsenic  present 
in  the  form  of  sodium  or  potassium  metarsenite,  the  former  of  which, 
however,  in  the  presence  of  bacterial  growth,  as  shown  by  Fuller,* 
gradually  becomes  oxidized  to  the  arsenate.  In  the  home-made 
dips  used  in  this  country  the  only  other  ingredients  are  an  excess 
of  sodium  carbonate  and  pine  tar.  In  formulas  that  were  for- 
merly tried  in  this  country,  and  some  now  in  use  in  other  countries, 
there  are  other  ingredients,  such  as  soap  and  emulsified  paraflbi 
(kerosene). 

Watkins-Pitchford  ^  has  found  that  paraffin  emulsified  with  soap 
in  the  dip  ameliorates  its  irritative  action  and  that  the  addition  of 
emulsified  paraffin  and  glycerin  subdues  this  action  still  more.  It 
is  not  likely  that  the  soap,  pine  tar,  or  paraffin  exert  any  important 
destructive  action  on  ticks,  e^)ecially  in  view  of  the  fact  that  they 
constitute  less  than  1  per  cent  of  the  dip.  Watkins-Pitchford  ^  found 
that  the  mortality  of  ticks  in  the  case  of  two  arsenical  dips  was 
raised  1.8  and  5.7  per  cent  by  the  addition  of  soap  and  paraffin.  His 
observations,  however,  were  based  on  too  small  a  number  of  ticks  to 
be  considered  conclusive.  All  three  of  the  ingredients  mentioned 
may  serve  a  certain  function  in  causing  the  arsenic  to  adhere  more 
tenaciously  to  the  skin  and  hair,  and  the  tar  and  paraffin  may 
exert  a  slight  amount  of  repellent  action  because  of  their  odor  and 
physical  properties.  They  also  serve  the  purpose  of  giving  the  dip  a 
distinctive  character.  The  soap  serves  a  function  in  the  emulsifica- 
tion  of  the  tar  or  kerosene,  depending  on  which  is  used,  and  probably 
exerts  a  certain  amount  of  cleansing  effect  on  the  skin. 

The  excess  of  sodium  carbonate  in  the  two  formulas  in  use  in  this 
country,  in  which  S  and  10  pounds  of  white  arsenic  are  used  to  24 
and  25  pounds,  respectively,  of  sodium  carbonate,  is  considerable. 
'Whereas  only  1.45.  parts  by  weight  of  sodium  carbonate  to  1  part  of 
arsenic  are  necessary  in  the  formation  of  sodium  metarsenite,  in  the 
above  formulas  2J  to  3  parts  are  used  to  each  part  of  arsenic.  How- 
ever, this  excess  of  sodium  carbonate  serves  a  number  of  important 
purposes.    It  facilitates  the  solution  of  the  arsenic,  aids  in  the  emul- 

^  circular  182,  Bnrcan  Animal  Industry,  U.  S.  Department  of  Agriculture.  Washington, 
1911. 

*  Natal  Agricultural  Journal,  Pletermarltzburg,  vol.  12,  no.  4,  Apr.  30,  1909. 

»  Agricultural  Journal,  Union  of  South  Africa,  Pretoria,  vol.  2,  no.  1,  July,  1911,  pp.  38- 
79.     Rhodesia  Agricultural  Journal,  Salisbury,  vol.  10,  no.  3.  Feb.,  1912,  pp.  372-400. 


HOW  DIPS  ACT  ON  TICKS.  9 

sification  of  the  tar,  cleanses  the  skin  of  the  cattle,  and  possibly 
softens  the  cuticle  of  the  ticks  and  thus  facilitates  the  entrance  of 
arsenic. 

THE  MANNER  IN  WHICH  DIPS  ACT  ON  TICKS. 

When  ticks  are  destroyed  by  a  dip  they  are  killed  by  suffocation, 
by  being  poisoned,  or  by  a  combination  of  both  causes.  In  the  case 
of  the  use  of  such  substances  as  oils  it  is  probable  that  death  is  due 
both  to  suffocation  and  to  a  toxic  action. 

THE  ACTION  OF  OILS  AND  OTHER  SUBSTANCES  ON  TICKS. 

SM RARING   THE   SPIRACLES. 

That  ticks  may  be  suffocated  the  writer  has  shown  by  closing  the 
spiracles  of  engorged  females  of  the  cattle  tick  with  Canada  balsam. 
On  May  19,  1911,  10  engorged  females  that  had  already  begun  to 
oviposit  had  their  spiracles  closed  with  a  drop  of  balsam.  On  the 
following  day  the  ticks  were  normal  in  color  but  were  inactive,  their 
legs  being  stretched  out  straight.  On  the  third  day  all  the  ticks  had 
turned  dark  and  were  dead.  No  eggs  were  deposited.  In  the  con- 
trol lo<?  of  10  ticks  4  died.  Many  eggs  were  deposited,  40  per  cent 
of  which  hatched. 

In  order  to  determine  whether  the  xylol  in  the  balsam  may  not 
have  played  a  part  in  the  destruction  of  the  ticks  a  second  test  was 
made  on  May  26  in  which  the  spiracles  of  10  engorged  females  that 
liad  begun  to  oviposit  were  touched  with  xylol.  One  tick  turned 
dark.  All  oviposited,  and  a  normal  number  of  eggs  were  deposited, 
about  30  per  cent  of  which  hatched. 

On  September  27,  1912,  another  lot  of  20  engorged  females  just 
collected  had  their  spiracles  touched  with  Canada  bt^lsam.  On  Sep- 
tember 30  all  of  them  were  dead.  In  two  control  lots  of  20  engorged 
females  each,  collected  on  the  same  date,  all  the  ticks  remained  normal 
and  oviposited ;  92  and  60  per  cent  of  the  eggs  hatched. 

On  September  29,  1912,  a  third  lot  of  20  engorged  females,  col- 
lected on  September  27, 1912,  had  their  spiracles  touched  with  Canada 
balsam.  Seventeen  of  the  ticks  were  killed,  the  remainder  deposited 
normal  eggs.  Eighty-seven  per  cent  of  the  eggs  hatched.  In  two 
control  lots  of  20  ticks  each,  collected  on  the  same  date  as  the  above 
lot,  all  oviposited  and  a  usual  number  of  normal  eggs  were  deposited; 
92  and  80  per  cent  of  the  eggs  hatched. 

From  the  above  tests  it  may  be  definitely  concluded  that  a  com- 
plete closing  of  the  spiracles  of  engorged  females  will  lead  to  their 
destruction.  In  the  case  of  the  three  ticks  in  the  last  lot  that  sur- 
vived it  seems  safe  to  assume,  in  view  of  the  number  of  positive  tests, 
that  the  spiracles  were  not  completely  closed. 
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Some  additional  tests  were  made  along  the  above  line  with  other 
oils.  On  May  13,  1911,  eight  engorged  females  that  had  already 
begun  to  oviposit  had  their  spiracles  smeared  with  Beaumont  crude 
petroleum.  All  but  one  continued  oviposition.  Three  of  the  ticks 
died.  Many  eggs  were  deposited,  25  per  cent  of  which  hatched.  In 
a  control  lot  of  seven  ticks  all  continued  oviposition.  Four  ticks 
died.  A  fair  number  of  eggs  were  deposited,  about  30  per  cent  of 
which  hatched. 

September  27,  1912,  20  engorged  females  collected  on  that  date 
had  their  spiracles  touched  with  crude  Beaumont  oil.  One  (5  per 
cent)  of  the  ticks  died.  It  had  apparently  been  injured  about  the 
head  when  removed  from  the  host.  Three  ticks  remained  plump. 
Nineteen  ticks  oviposited,  and  a  normal  number  of  eggs  were  pro- 
duced.   Seven  per  cent  of  the  eggs  hatched. 

September  27,  1912,  20  engorgeii  females  just  collected  had  their 
spiracles  touched  with  refined  cottonseed  oil.  None  died.  All  ovi- 
posited, and  a  normal  number  of  eggs  were  deposited.  Ninety-two 
per  cent  of  the  eggs  hatched. 

Two  control  lots  of  20  ticks  each,  collected  cm  the  same  date  as  the 
above,  remained  normal.  All  the  ticks  oviposited,  and  a  normal 
number  of  eggs  were  produced;  92  and  60  per  cent  of  the  eggs 
hatched. 

On  September  27, 1912,  20  engorged  females  just  collected  had  their 
spiracles  touched  with  Beaumont  oil.  One  (5  per  cent)  failed  to 
oviposit.  Three  (15  per  cent)  died.  A  normal  number  of  eggs  were 
deposited.    Twenty  per  cent  of  the  eggs  hatched. 

On  September  28,  1912,  20  ticks  collected  on  September  27  had 
their  spiracles  touched  with  refined  cottonseed  oil.  None  of  the  ticks 
died.  All  the  ticks  oviposited,  and  a  normal  number  of  eggs  were 
deposited.    Ninety  per  cent  of  the  eggs  hatched. 

In  two  control  lots  of  20  ticks  each,  collected  on  the  same  date  as 
the  above,  none  died,  and  all  oviposited,  a  normal  number  of  eggs 
being  produced ;  80  and  92  per  cent  of  the  eggs  hatched. 

On  May  26,  1911,  10  engorged  females  that  had  begun  to  oviposit 
had  their  spiracles  touched  with  pine  tar.  All  oviposited,  and  a 
normal  number  of  eggs  were  deposited,  15  per  cent  of  which  hatched. 
In  the  control  lot  of  10  ticks,  all  but  one  oviposited,  and  five  died 
without  completing  oviposition.  Many  eggs  were  deposited,  10  per 
cent  of  which  hatched. 
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Bummaryof  testa  in  which  spiracles  of  engorged  femcJes  were  smeared  with  oil. 


Date  of  experlmeiit. 


May  13, 1911. . 

Do 

Sept.  27, 1912. 

Do 

Do 

Do 

Do 

Sept.  28,1912. 
Sept.  27, 1912. 

Do 

lCay26, 1911.. 

Do 


Mortal- 
ity. 


Per  cent. 

38 

67 

5 

0 

0 

0 

15 

0 

0 

0 


50 


Ticks 
oviposit- 
ing. 


Percent. 

88 
100 

95 
100 
100 
100 

95 
100 
100 
100 
100 

90 


Number  of 

hatred. 

eggs  deposited. 

Percent. 

Many 

'  25 

Fair 

30 

7 

Normal 

do 

92 

do 

92 

do 

60 

do 

20 

«   ■   •   •   ■  UV  •••^•■••a 

90 

•  ■  •  •  •  U V  **••••■• 

80 

■  •  •  •  •  uO  •*•••••• 

92 

do 

15 

Many ...    

10 

■■■•"^  i? 

Sabstance  used. 


Beaumont  oil. 
(Control.) 
Beaumont  oil. 
Cottonseed  oil. 
(Control.) 

Do. 
Beaumont  oO. 
Cottonseed  oiL 
(Control.) 

Do. 
Pine  tar. 
(Control.) 


It  is  noted  from  the  above  table  that  the  mortality  of  the  different 
lots  of  ticks  treated  with  Beaumont  oil  compared  with  that  of  the 
corresponding  controls  is  as  follows :  38  per  cent,  control  57  per  cent ; 
5  per  cent,  controls  0  per  cent ;  15  per  cent,  controls  0  per  cent.  This 
indicates  a  detrimental  effect  of  the  Beaumont  oil,  but  is  in  marked 
contrast  with  the  results  obtained  when  the  spiracles  were  closed  with 
Canada  balsam,  in  which  case  the  mortality  was  practically  100  per 
cent.  The  mortality  in  the  case  of  cottonseed  oil  was  0.  Beaumont 
oil,  therefore,  appears  to  be  much  more  effective  than  cottonseed  oil 
in  closing  the  spiracles,  although  it  should  be  borne  in  mind  that 
there  may  be  a  toxic  effect  that  entered  into  the  results.  It  is  evident 
that  Beaumont  oil  does  not  close  the  spiracles  as  effectually  as  Canada 
balsam. 

The  percentage  of  ticks  in  the  lots  treated  with  Beaumont  oil  that 
oviposited,  compared  with  the  percentage  in  the  corresponding  con- 
trols, is  as  follows:  88  per  cent,  control  100  per  cent;  95  per  cent, 
controls  100  per  cent ;  95  per  cent,  controls  100  per  cent.  It  appears 
from  this  that  the  treatment  had  a  slight  effect  on  oviposition.  Cot- 
tonseed oil  had  no  effect  on  the  percentage  ovipositing.  The  treat- 
ment in  no  case  had  any  effect  on  the  number  of  eggs  deposited.  The 
percentage  of  eggs  that  hatched  in  the  case  of  the  ticks  treated  with 
Beaumont  oil,  compared  with  the  percentage  in  the  corresponding 
control  lots,  is  as  follows :  25  per  cent,  control  30  per  cent ;  7  j^er  cent, 
controls  60  and  92  per  cent ;  and  20  per  cent,  controls  80  and  92  per 
cent.  From  this  it  appears  that  the  Beaumont  oil  applied  to  the 
spiracles  must  have  been  absorbed  to  some  extent  and  by  this  means 
exerted  a  detrimental  influence  on  the  eggs. 

The  percentage  of  eggs  hatching  in  the  case  of  ticks  treated  with 
cottonseed  oil,  compared  with  that  of  the  corresponding  controls,  is 
as  follows:  92  per  cent,  controls  60  and  92  per  cent;  and  90  per  cent, 
controls  80  to  92  per  cent.  It  is  therefore  noted  that  cottonseed  oil 
had  no  influence  on  the  eggs. 
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SICEAJUMG  TU£  BCUTUM  AND  ICOUTH  PASTS. 

In  order  to  determine  whether  the  presence  of  an  oil  or  viscous 
substance  on  the  scutum  and  mouth  parts  would  interfere  witJi  ovipo- 
sition  and  the  laying  of  normal  eggs,  a  number  of  tests  were  made. 
On  June  8,  1911,  10  engorged  females  that  had  already  begun  to 
oviposit  were  smeared  on  the  scutum  and  mouth  parts  with  Beaumont 
oil.  Eight  of  the  ticks  died.  All  but  one  of  the  ticks  deposited 
some  eggs.  Only  a  few  eggs  were  deposited,  none  of  which  hatched. 
In  the  control  lot  of  10  ticks,  6  died.  All  oviposited.  A  moderate 
number  of  eggs  were  deposited,  none  of  which  hatched. 

On  June  8, 1911, 10  engorged  ticks  that  had  begun  to  oviposit  were 
similarly  smeared  with  Canada  balsam.  All  but  one  oviposited. 
Eight  ticks  died.  A  moderate  number  of  eggs  were  deposited,  less 
than  1  per  cent  of  which  hatched.  In  the  control  lot  of  ticks,  six  died. 
All  oviposited.  A  moderate  number  of  eggs  were  deposited,  none 
of  which  hatched. 

On  June  8,  1911,  10  engorged  females  that  had  begun  to  oviposit 
were  smeared  on  the  scutum  and  mouth  parts  with  pine  tar.  All 
the  ticks  oviposited.  Eight  died.  A  considerable  number  of  eggs 
were  deposited,  10  per  cent  of  which  hatched.  In  the  control  lot,  con- 
sisting of  10  ticks,  6  died.  All  oviposited.  A  moderate  number  of 
eggs  were  deposited,  none  of  which  hatched. 

September  27,  1912,  20  engorged  females  just  collected  were  simi- 
larly smeared  with  crude  Beaumont  oil.  All  oviposited.  A  normal 
number  of  eggs  were  deposited.     Fifty  per  cent  of  the  eggs  hatched. 

On  September  27,  1912,  20  engorged  females  just  collected  were 
smeared  on  the  scutum  and  mouth  parts  with  refined  cottonseed  oil. 
One  tick  became  discolored.  Two  more  ticks  became  discolored 
shortly  before  oviposition  was  completed.  All  oviposited.  A  normal 
number  of  eggs  were  deposited,  and  87  per  cent  of  the  eggs  hatched. 

On  September  27,  1912,  20  engorged  females  just  collected  were 
similarly  smeared  with  Canada  balsam.  All  oviposited.  A  usual 
number  of  normal  eggs  were  deposited.  Seventy-five  per  cent  of 
the  eggs  hatched. 

In  two  control  lots  of  20  ticks  each,  collected  on  the  same  date  as 
the  above,  none  died.  All  oviposited.  A  normal  number  of  eggs 
were  deposited ;  92  and  60  per  cent  of  the  eggs  hatched. 

On  September  27, 1912,  the  scutum  and  mouth  parts  of  20  engorged 
females  just  collected  were  smeared  with  crude  Beaumont  oil.  One 
tick  (5  per  cent)  died  and  one  became  abnormal  in  appearance.  All 
b^t  one  oviposited.  A  normal  number  of  eggs  were  deposited. 
Eighty-five  per  cent  of  the  eggs  hatched. 

On  September  28, 1912,  the  scutum  and  mouth  parts  of  20  engorged 
females  collected  on  the  previous  day  were  smeared  with  refined 
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cottonseed  oil.  Five  ticks  (25  per  cent)  died.  Sixteen  ticks  ovipos- 
ited. A  normal  number  of  eggs  were  deposited.  Ninety-five  per 
cent  of  the  eggs  hatched. 

September  29,  1912,  the  scutum  and  mouth  parts  of  20  engorged 
females  collected  on  September  27  were  smeared  with  Canada  bal- 
sam. All  the  ticks  lived  and  oviposited.  A  usual  number  of  normal 
eggs  were  deposited.     Fifty  per  cent  of  the  eggs  hatched. 

In  two  control  lots  of  20  ticks  each,  collected  on  the  same  date  as 
the  above,  none  died.  All  oviposited  and  a  normal  number  of  eggs 
were  deposited ;  92  and  80  per  cent  of  the  eggs  hatched. 

Sum-mury  of  tests  in  ichich  the  scutum  and  month  parts  of  engorged  females 
•  were  smeared  with  oUs, 


Date  of  test. 


Junes. 
Do. 
Do. 
Do. 
Do. 
Do. 


1911. 


September  27. 

Do 

Do 

Do 

Do 

Do 

September  2M. 
September  29. 
September  27. 

Do 


1912. 


Mortal- 

Ticks ovi- 

ity. 

positing. 

Percent. 

Percent. 

80 

90 

60 

100 

80 

90 

60 

100 

80 

100 

60 

100 

100 
100 

«0 

0 

100 

0 

100 

0 

100 

»5 

95 

25 

80 

0 

100 

0 

100 

0 

100 

Number  of  eggs 
deposited. 


A  few 

Moderate 

do 

do 

Considerable. 
Moderate 


Normal . 

do., 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 


Eggs 
hatched. 


Substance  used. 


Percent. 
0 
0 

'\ 

10 
0 


50 
87 
75 
'92 
60 
85 
95 
50 
92 
80 


Beaumont  oil. 
(Control.) 
Canada  balsam. 
(Control.) 
Pine  tar. 
(Control.) 


Beaumont  oil. 
Cottonseed  oil. 
Canada  balsam. 
(Control.) 

Do. 
Beaumont  oil. 
Cottonseed  oil. 
Canada  balsam. 
(Control.) 

Do. 


1  Le.s8  than  1  per  cent. 

*  Three  (15  per  cent)  became  discolored. 

>  One  more  (5  per  cent)  became  abnormal  in  appearance. 

In  the  tests  in  the  above  table,  started  on  June  8,  1911,  the  high 
mortality  of  the  ticks  was  no  doubt  due  to  the  fact  that  they  had 
been  sent  in  from  the  South  and  in  consequence  had  been  injured  to 
a  certain  extent.  A  comparison  of  the  mortality  of  the  treated  ticks 
with  that  of  the  corresponding  controls  indicates  that  the  treatment 
played  no  important  part,  if  any,  in  determining  the  percentage  of 
mortality.  It  is  likewise  apparent  that  the  treatment  had  practically 
no  influence  on  the  number  ovipositing  and  on  the  number  of  eggs 
deposited,  and,  so  far  as  can  be  deteimined,  the  same  seems  to  be 
true  with  regard  to  the  viability  of  the  eggs. 


DIPPING  THE  TICKS  IN  OILS. 


A  number  of  tests  were  made  in  which  ticks  were  dipped  in  crude 
Beaumont  oil  and  in  refined  cottonseed  oil. 

On  September  27,  1912,  20  engorged  females  just  collected  were 
dipped  in  crude  Beaumont  oil.     Eleven   (12?)   oviposited.     Eight 
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{40  per  oent)  died.  Only  a  small  number  of  e^s  were  deposited, 
part  of  which  shriveled.    Less  than  1  per  eent  of  the  eggs  hatched. 

On  September  27,  1912,  20  engorged  females  just  collected  were 
dipped  in  refined  cottonseed  oil.  One  tick  (5  per  oent)  died.  All 
oviposited-  A  normal  number  of  eggs  were  deposited.  Ninety  per 
eent  of  the  eggs  hatched. 

In  two  control  lots  collected  on  September  27,  consisting  of  20 
ticks  each,  none  died.  All  oviposited  and  a  normal  number  of  eggs 
were  deposited;  92  and  00  per  cent  of  the  ^gs  hatched. 

September  27, 1912,  20  engorged  females  just  collected  were  dipped 
in  Beaumont  crude  petroleum.  Thirteen  ticks  (65  per  cent)  ovi- 
posited. Eight  ticks  (40  per  cent)  died.  Several  others  became 
abnormal  in  appearance.  Only  a  few  eggs  were  deposited,  ^about 
half  of  which  shriveled.    Less  than  1  per  cent  of  the  eggs  hatched. 

September  28, 1912,  20  engorged  females  collected  the  previous  day 
were  dipped  in  refined  cottonseed  oil.  All  but  one  tick  remained 
normal.  A  normal  number  of  eggs  were  deposited,  some  of  which 
shriveled.    Eighty-five  per  cent  of  the  eggs  hatched. 

In  two  control  lots  of  20  ticks  each,  collected  on  September  27, 
1912,  all  oviposited.  A  normal  number  of  eggs  were  deposited;  92 
and  80  per  cent  of  the  eggs  hatched. 

Summary  of  tests  in  ichich  engorged  ticks  were  dipped  in  oUs. 


Date  of  test. 


Mor- 
tality. 


September  27, 1912. 

Do 

Do 

Do 

Do 

September  28, 1912 
September  27, 1912 

Do 


Per  cent. 

40 

5 

0 

0 

>40 

•0 

0 

0 


Tioks  ovi- 
positing. 


Number  of  eggs 
deposited. 


hatched. 


Per  cent. 

(») 
90 
92 
60 

0) 
85 
92 
80 


Oil  used. 


Beaumont  oil. 
Cottonseed  oil. 
(Control.) 

Do. 
Beaumont  oIL 
Cottonseed  oil. 
(Control.) 

Do. 


1  Less  than  1  per  cent. 
•  >  Others  became  abnormal  in  appearaztoe. 

*  One  tick  (5  per  cent)  became  aonormal  in  appearance. 

In  the  foregoing  table  it  is  noted  that  the  mortality  in  the  case  of 
ticks  dipped  in  Beaumont  oil  was  40  per  cent  in  both  tests,  and  in  the 
case  of  ticks  dipped  in  cottonseed  oil  it  was  5  per  cent  and  0  per  cent. 
Beaumont  oil  is  therefore  shown  to  have  a  greater  destructive  action 
than  cottonseed  oil,  and  this  is  probably  due  largely  to  a  toxic  action 
of  some  kind,  since  in  the  tests  in  which  the  spiracles  were  touched 
with  Beaumont  oil  this  oil  was  shown  to  be  much  less  effective  than 
in  the  present  tests.  Beaumont  oil  reduced  the  percentage  of  females 
ovipositing  and  the  number  of  eggs  deposited  Cottonseed  oil  had 
no  influence  on  oviposition  or  on  the  number  of  eggs  deposited.  The 
percentage  of  eggs  hatching  in  the  case  of  the  ticks  dipped  in  Beau- 
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mont  oil  was  very  low — ^less  than  1  per  cent— ^while  the  percentage 
hatching  in  the  case  of  those  dipped  in  cottonseed  oil  was  practically 
normal.  This  would  seem  to  be  further  evidence  of  the  absorption 
of  Beaum<mt  oil  and  its  toxicity,  although  it  should  be  stated  that  it 
is  likely  that  a  part  of  the  lack  of  viability  may  have  been  due  to  the 
eggs  coming  directly  in  contact  with  the  oil  on  the  bodies  of  the  ticks. 

THE  EFFECT  OF  ARSENIC  ON  TICKS. 

Arsenic  acts  on  ticks  entirely  as  a  result  of  its  toxic  properties. 
The  avenues  by  which  the  arsenic  gains  entrance  to  the  bodies  of 
ticks  have  not  been  determined.  As  pointed  out  in  Bulletin  144, 
Bureau  of  Animal  Industry,  the  possible  ways  are  (1)  through  the 
mouth;  (2)  through  the  breathing  pores;  (3)  through  other  open- 
ings of  the  body;  or  (4)  by  absorption  through  the  cuticle.  Arsenic 
in  entering  by  way  of  the  mouth  may  enter  in  two  ways,  namely, 
directly,  or  indirectly  through  the  blood  or  lymph.  Under  other 
openings  of  the  body  may  be  mentioned  the  anus,  the  genital  pore  in 
adult  ticks,  the  cephalic  gland  in  the  female  and  nymph,  and  glan- 
dular openings  in  the  cuticle. 

It  is  not  likely  that  any  dip  enters  the  body  through  the  anus  or 
genital  openings,  as  these  are  kept  tightly  closed.  The  cephalic 
gland,  located  beneath  the  scutum  and  having  its  opening  situated 
in  the  soft  chitin  between  the  scutum  and  the  base  of  the  rostrum, 
offers  a  possible  point  of  entrance.  This  gland  secretes  a  viscous 
fluid  which  causes  the  eggs  to  adhere  together  and  protects  them  from 
loss  of  moisture  by  evaporation.  Anything  that  would  interfere 
with  the  function  of  this,  gland  would  affect  materially  the  viability 
of  the  eggs  deposited.  The  openings  of  the  tegumentary  glands, 
which  are  numerous,  furnish  another  means  of  entrance  of  arsenic 
through  the  chitinous  covering  of  the  body. 

The  porose  areas,  two  in  number,  located  on  the  dorsal  side  of  the 
base  of  the  rostrum,  furnish  another  possible  point  of  entrance  in  the 
case  of  adult  females.  According  to  Bonnet  ^  the  punctations  of 
these  areas  are  pores  passing  through  the  chitin,  each  of  which  com- 
municates with  an  exposed  nerve  cell  lying  beneath  the  chitinous  cov- 
ering, and  which  is  the  termination  of  one  of  the  fibers  of  a  nerve 
adjacent  to  the  area.  As  these  nerve  cells  are  without  cell  membranes 
and  are  unprotected  in  any  way,  it  would  appear  that  the  porose 
areas  constitute  a  most  vulnerable  point  in  the  body  of  the  tick  for 
the  entrance  of  arsenic. 

^  Bonnet,    Am^^.     Recherches    sur    Tanatomie    compart    et    le    d4veloppement    dr>s 
ixodid^a.     Annales  de  rUniversit^  de  Lyon,  n.  s.,  I :  sc.  m^d.,  fasc.  20.     Lyon  and  Paris. 
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CATTLE-DIPPING  EXPERJMENTS  TO  ASCERTAIN  THE  PROTECTIVE 

ACTION  OF  ARSENICAL  DIPS. 

EXPERIMENT  NO.  1. — CATTLE  EXPOSED  TO  INFESTATION  AT  VARIOUS  INTER- 
VALS FROM   A  FEW  HOURS  TO  FOUR  WEEKS  AFTER  DIPPING. 

In  this  experiment  the  arsenical  dip  used  was  made  on  April  9, 1912. 
No  pine  tar  was  used,  for  the  purpose  of  avoiding  any  repellent- 
action  that  it  might  contribute  to  the  dip.  The  dip  was  made  in  the 
usual  way,  the  formula  being  8  pounds  arsenic  trioxid  and  24  pounds 
of  sodium  carbonate  to  500  gallons  of  dip.  Samples  of  the  dip  were 
taken  on  three  dates  for  analysis.    The  analyses  ^  follow : 

Analyses  of  arsenical  dip  vscd  in  expenmeni  No,  1. 


Date. 


1912. 

Apr.  29 

lUyie 

June  20 


Per  ce  nt. 
0. 1H47 
.1841 
.1229 


TotAl 
ASfOi. 


Pfr  cer^t. 

0.1851 

.1901 

.2022 


It  is  seen  that  at  the  time  of  the  first  dipping  there  was  present 
in  the  bath  0.1847  per  cent  of  AsaO^  and  a  total  amount  of  arsenic 
equivalent  to  0.1851  per  cent  of  arsenic  trioxid,  and  on  June  20,  two 
days  after  the  last  dipping,  0.1229  per  cent  of  AsgOj  and  a  total 
amount  equivalent  to  0.2022  per  cent  arsenic  trioxid.  The  actual 
amount  of  As.^,©.,  present  had  decreased  during  the  course  of  the  dip- 
ping about  one-third  through  oxidation,  and  the  percentage  of  total 
arsenic  had  increased  slightly  as  a  result  of  evaporation. 

Each  animal  was  kept  in  the  dip  two  minutes. 

There  were  12  animals  (calves)  in  the  experiment,  all  being  north- 
ern cattle  (nonimmune).  Each  animal  was  infested  with  the  seed 
ticks  hatched  from  2|  grams  of  eggs.  The  seed  ticks  used  were  the 
progeny  of  engorged  females  {Mm^gai'opus  annulatus)  collected  at 
Fort  Worth,  Tex.,  May  3,  1912. 

Previous  to  the  time  the  calves  were  infested  they  were  kept  in  a 
yard  provided  witli  shelter,  which  they  might  seek  when  they  desired. 
On  the  day  of  infestation  (June  18)  they  were  removed  to  another 
yard  where  there  was  no  shelter  and  kept  there  until  the  following 
noon,  when  they  were  placed  under  cover,  where  they  remained  until 
the  close  of  the  experiment.  During  the  night  and  the  forenoon  fol- 
lowing infestation  the  animals  were  out  in  a  light  rain. 

Lot  1,  Calves  Xos,  9^2  and  P^7. — June  18, 1912,  the  calves  were  dipped  once  in 
an  arsenical  dip  containing  n  total  amount  of  arsenic  equivalent  to  0.2022  per 
cent  AssOa  and  containing  arsenic  in  the  form  of  AsaOs  to  the  extent  of  0.1220 

^All  analyses  referred  to  in  this  bulletin  were  made  by  the  Blochemlc  Division  of  the 
Bureau  of  Animal  Industry. 
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per  cent  Sach  calf,  as  soon  as  dry,  was  infested  with  seed  ticks.  They  were 
kept  under  observation  until  July  22.  No  ticks  developed,  and  there  was  no 
fever. 

Lot  2.  Calves  Nos.  9S9  and  $41. — ^The  calves  were  dipped  four  times  at  inter- 
vals of  two  weeics,  on  May  7  and  21,  and  June  4  and  18,  in  an  arsenical  dip. 
They  were  infested  with  seed  ticks  on  the  date  of  the  last  dipping  as  soon  as 
they  were  dry.  Tliey  were  under  observation  until  July  22.  No  ticks  developed, 
and  there  was  no  fever. 

Lot  4.  Calves  Nos,  940  and  944^ — ^These  were  dipped  four  times  at  intervals  of 
two  weeks  (April  90,  May  14  and  28,  and  June  11)  in  an  ars^iical  dip.  On 
June  18,  one  week  after  the  last  dipping,  they  were  infested  with  seed  tick& 
Both  animals  became  infested  with  ticks  and  developed  Texas  fever.  Calf  940 
died  of  the  fever  July  9.  This  animal  became  heavily  infested  with  ticks,  and 
at  the  time  of  death  most  of  the  ticks  had  molted  the  second  time.  A  few 
nymphs  were  present  The  adult  ticks  ranged  from  those  just  molted  to  some 
about  one-third  engorged.  Calf  944  became  only  lightly  infested  with  ticks. 
Nine  hundred  and  six  adult  ticks  were  collected,  the  last  ones  being  removed  on 
July  30.    The  animal  recovered  from  the  fever. 

Lot  5.  Calves  Nos.  948  and  949. — These  were  dipped  in  an  arsenical  dip  four 
times  at  intervals  of  two  weeks,  on  April  23,  May  7  and  21,  and  June  4.  Two 
weeks  following  the  last  dipping,  that  is,  on  June  18,  they  were  infested  with 
seed  ticks.  Both  contracted  Texas  fever,  and  No.  948  died  July  11.  This  calf 
became  moderately  infested  with  ticks.  At  the  time  of  death  most  of  the  ticks 
were  in  the  adult  stage  and  ranged  from  the  newly  molted  to  the  engorged 
condition.  Calf  949  became  hea^'ily  Infested  with  ticks.  The  last  adults  were 
removed  August  1.     In  all,  4,884  ticks  were  collected  from  this  animal. 

Lot  6.  Calves  Nos.  94S  and  945. — This  lot  was  dipped  four  times  (April  9  and 
23,  May  7  and  21),  at  intervals  of  two  weeks,  in  an  arsenical  dip.  Four  weeks 
after  the  last  dipping  (June  18)  they  were  infested  with  seed  ticks.  Calf  943 
became  heavily  Infested  with  ticks  and  calf  945  acquired  a  moderate  infestation. 
Both  contracted  Texas  fever,  and  calf  945  died  July  8.  The  stages  present  were 
rymphs  and  young  adulta  In  the  case  of  calf  943  the  last  tick  was  collected 
on  August  3,  and  in  all  5,715  ticks  were  removed. 

Lot  S  (control).  Calves  Nos.  946  and  960. — ^These  animals  were  not  dipped. 
They  were  infested  with  seed  ticks  on  the  same  date  as  the  other  lots  (June  18). 
Both  animals  became  heavily  infested  with  ticks  and  contracted  Texas  fever. 
Calf  946  died  July  6.  It  was  heavily  infested  with  nymphs  and  young  adults. 
Calf  950  was  nearly  dead  July  15  and  was  killed.  Up  to  the  time  the  animal 
was  killed,  2,900  adult  ticks  had  been  collected. 

OBSEKVATIONS    ON    ENGORGED    TICKS    REMOVED    FROM    THC    ANIMAXS. 

These  ticlts  were  kept  in  Petri  dishes. 

Ticks  removed  from  calf  944  (lot  4). — ^Jnly  12,  70  engorged  and  nearly  en- 
gorged ticks  removed.  All  but  one  of  the  ticks  deposited  eggs.  A  good  many 
eggs  shriveled.  Most  of  the  ticks  died  either  without  ovipositing  or  before  ovi- 
position  was  completed.    About  00  per  cent  of  the  eggs  hatched. 

July  15,  13  engorged  ticks  removed.  All  but  one  oviposited.  Some  eggs 
shriveled.  Thirty-one  per  cent  of  the  ticks  died  either  without  ovipositing  or 
before  oviposition  was  completed.    About  10  per  cent  of  the  eggs  hatched. 

July  16,  55  engorged  and  nearly  engorged  ticks  removed.  All  oviposited  ex- 
cept four.  Sixty-four  per  cent  of  the  ticks  died  either  without  ovipositing  or 
before  oviposition  was  completed.    About  95  per  cent  of  the  eggs  hatched. 
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July  17,  15  engorged  ticks  removed  for  study.  All  oviposited.  Seventy-three 
per  cent  of  the  ticks  died  before  oviposition  was  completed.  About  10  per  cent 
of  the  eggs  hatched. 

July  18,  20  engorged  females  removed.  All  oviposited.  Sixty  per  cent  died 
before  oviposition  was  completed.    About  50  per  cent  of  the  eggs  hatched. 

July  19,  25  engorged  and  nearly  engorged  ticks  removed.  All  but  one  ovl- 
ix)sited.  Small  number  of  eggs  deposited.  Eggs  were  scattered  and  many 
shriveled.  Twenty-four  per  cent  of  the  ticks  died  either  without  ovipositing  or 
l)efore  oviposition  was  completed.    Less  than  1  per  cent  of  the  eggs  hatched. 

Ticks  removed  from  calf  9^9  {Jot  5). — ^July  12,  removed  336  engorged  and 
nearly  engorged  ticks.  Lot  No.  1  of  100  ticks:  All  but  two  oviposited.  About 
half  of  the  ticks  died  either  without  ovipositing  or  before  oviposition  was  com- 
pleted. About  05  per  cent  of  the  eggs  hatched.  Lot  No.  2  of  100  ticks :  All  but 
one  oviposited.  About  50  per  cent  of  the  ticks  died  either  without  ovipositing 
or  before  oviposition  was  completed.  About  95  per  cent  of  the  eggs  hatched. 
Ix>t  No.  3  of  136  ticks :  All  but  three  oviposited.  About  half  of  the  ticks  died 
either  without  ovipositing  or  before  oviposition  was  completed.  About  90  per 
cent  of  the  eggs  hatched. 

July  15,  removed  49  engorged  ticks.  All  oviposited.  About  33  per  cent  of  the 
ticks  died  before  oviposition  waa  completed.  About  95  per  cent  of  the  eggs 
hatched. 

July  16,  removed  119  engorged  females.  AU  but  six  oviposited.  About  65 
per  cent  of  the  ticks  died  either  without  ovipositing  or  before  oviposition  waa 
completed.    About  85  per  cent  of  the  eggs  hatched. 

July  17,  removed  30  engorged  ticks.  All  oviposited.  About  30  per  cent  died 
before  oviposition  was  completed.    About  90  per  cent  of  the  eggs  hatched. 

July  18,  removed  30  engorged  females.  All  oviposited  but  one.  Forty-three 
per  cent  died  either  without  ovipositing  or  before  oviposition  was  completed. 
About  95  per  cent  of  the  eggs  hatched. 

July  19,  removed  118  engorged  and  nearly  engorged  females.  All  oviposited. 
About  33  per  cent  died  before  oviposition  was  completed.  About  90  per  cent  of 
the  eggs  hatched. 

Ticks  removed  from  calf  9^3  (lot  6). — July  12,  removed  200  engorged  and 
nearly  engorged  ticks.  Lot  No.  1  of  100  ticks:  All  but  five  ticks  oviposited. 
About  65  per  cent  of  the  ticks  died  either  without  ovipositing  or  before  oviposi- 
tion was  completed.  About  95  per  cent  of  the  eggs  hatched.  Lot  No.  2  of  100 
ticks :  All  oviposited.  About  half  of  the  ticks  died  before  oviposition  was  com- 
pleted.   About  95  i)er  cent  of  the  eggs  hatched. 

July  15,  removed  35  engorged  ticks.  All  oviposited  but  one.  More  than  half 
of  the  ticks  died  either  without  ovipositing  or  before  oviposition  was  completed. 
About  95  i>er  cent  of  the  eggs  hatched. 

July  16,  removed  116  ticks.  All  but  five  oviposited.  About  half  of  the  ticks 
died  either  without  ovipositing  or  before  oviposition  was  completed.  About  95 
I>er  cent  of  the  eggs  hatched. 

July  17,  removed  20  engorged  females.  All  oviposited.  Thirty  per  cent  of 
the  ticks  died  before  oviposition  was  completed.  About  25  per  cent  of  the  eggs 
hatched. 

July  18,  removed  30  engorged  ticks.  All  but  one  oviposited.  Ten  per  cent  of 
the  ticks  died  either  without  ovipositing  or  before  oviposition  was  completed. 
About  75  per  cent  of  the  eggs  hatched. 

July  19,  removed  49  engorged  and  nearly  engorged  females.  All  but  one  ovi- 
posited. Fourteen  per  cent  of  the  ticks  died  either  without  ovipositing  or  before 
oviposition  was  completed.    About  50  per  cent  of  the  eggs  hatched. 

Ticks  removed  from  calf  950  (lot  5,  control). — July  12,  removetl  200  engorged 
and  nearly  engorged  ticks.    Lot  No.  1  of  100  ticks :  All  oviposited.    Ninety-seven 
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per  cent  of  the  ticks  died  before  oviposition  was  completed.  About  90  per  cent 
of  the  eggs  hatched.  Lot  No.  2  of  100  ticks:  All  but  one  oviposited.  Ninety- 
fiye  per  cent  of  the  ticks  died  either  without  ovipositing  or  before  oviposition 
was  completed.    Abaut  90  per  cent  of  the  eggs  hatched. 

July  15,  removed  26  engorged  and  nearly  engorged  ticks.  All  but  one  ovi- 
posited. Most  of  the  ticks  died  either  without  ovipositing  or  before  oviposition 
was  completed.    About  90  per  cent  of  the  eggs  hatched. 

DISCUSSION  OF  RESULTS. 

Effect  on  the  aniinals. — It  is  noted  from  the  above  results  that 
cattle  dipped  four  times  at  intervals  of  two  weeks  in  an  arsenical 
dip  (lot  2)  and  subjected  to  infestation  as  soon  as  dry  following  the 
last  dipping  were  protected  from  infestation.  It  was  found  that  cat- 
tle dipped  only  once  (lot  1)  and  subjected  to  infestation  as  soon  as 
dry  were  likewise  protected  from  infestation.  It  is  therefore  seen 
that  arsenic  absolutely  protected  animals  from  infestation  when  ex- 
posed immediately  following  a  dipping  and  that  one  dipping  was 
just  as  effective  in  producing  this  result  as  a  number  of  dippings  at 
intervals  of  two  weeks.  Since  none  of  the  animals  contracted  Texas 
fever,  we  are  led  to  conclude  that  the  ticks  failed  Jbo  infect  the  ani- 
mals before  they  were  killed  by  the  arsenic 

It  was  also  found  that  cattle  dipped  four  times  at  intervals  of  two 
weeks  and  infested  one  (lot  4),  two  (lot  5),  and  four  weeks  (lot  6) 
after  the  last  dipping,  became  infested  with  ticks  and  all  contracted 
Texas  fever.  Of  the  six  animals  in  these  lots,  three  (50  per  cent) 
died  of  fever,  whereas,  as  already  mentioned,  there  was  no  fever  or 
deaths  in  the  lots  infested  immediately  after  dipping.  In  the  control 
lot  (lot  8)  both  animals  became  infested  with  ticks  and  died  of 
Texas  fever. 

Effect  on  the  ticks, — Observations  were  made  from  time  to  time  on 
the  animals  for  the  purpose  of  noting  any  ticks  that  might  show 
evidence  of  arsenical  poisoning.  Only  a  very  few  dead  and  abnor- 
mal ticks  were  found.  A  few  dead  females  were  noted  on  calf  949, 
a  good  many  abnormal  young  females,  and  a  few  dead  ticks  on 
calf  943,  and  some  abnormal  young  females  on  calf  945.  It  is  possi- 
ble that  these  ticks  were  affected  by  arsenic  absorbed  from  the  skin 
of  the  animal,  but  their  number,  compared  with  the  total  number  of 
ticks  present,  was  so  small  that  it  may  be  said  that  the  arsenic,  if 
active  at  all,  had  a  negligible  effect  on  the  nymphal  and  adult  stages 
of  the  tick.  Whether  this  was  also  true  of  the  larval  stage  of  the 
tick  can  not  be  said,  since  it  was  not  practicable  to  make  observations 
on  this  stage  on  account  of  their  small  size  and  the  difficulty  in  find- 
ing them. 

An  interesting  abnormality  was  found  in  some  engorged  females 
taken  from  two  of  tlie  dipped  animals.  Ten  of  them  were  taken  from 
calf  949  and  one  from  calf  943.    These  ticks  were  plump  and  trans- 
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parent.  The  dark  intestinal  branches  and  the  Malphigian  tubes 
could  be  plainly  seen  lying  in  the  lower  portion  of  the  body  cavity. 
On  puncturing  the  body  wall  a  clear  fluid  issued  from  the  body 
cavity.  Five  of  the  ticks  from  calf  949  were  set  aside  for  special 
observation.  All  began  ovipositing,  but  egg-laying  progressed  very 
slowly  and  only  a  few  eggs  were  deposited.  None  of  the  eggs 
hatched,  although  some  of  them  developed  nearly  to  the  point  of 
hatching. 

Nothing  final  was  determined  with  regard  to  whether  there  is  any 
relation  between  the  number  of  ticks  developing  on  animals  and  the 
duration  of  the  interval  elapsing  between  the  last  dipping  and  the 
date  of  infestation. 

For  the  purpose  of  obtaining  data  on  this  point  approximately  the 
same  number  of  ticks  were  placed  on  all  the  cattle — that  is,  larvse 
that  hatched  from  2^  grams  of  eggs.  In  the  case  of  the  two  animals 
infested  one  week  after  the  last  dipping  (lot  4),  one  became  heavily 
infested  and  the  other  lightly  infested ;  in  the  case  of  those  infested 
two  weeks  after  the  final  dipping  (lot  5),  one  became  moderately 
infested  and  the  other  heavily  infested;  and  in  the  case  of  the  two 
animals  infested  four  weeks  after  the  last  dipping  (lot  6),  the  r^ult 
was  the  same,  one  becoming  heavily  infested  and  the  other  moder- 
ately infested.  The  two  control  animals  became  heavily  infested 
with  ticks. 

An  attempt  was  made  to  obtain  additional  and  more  definite  in- 
formation on  the  above  point  by  collecting  as  far  as  possible  all  the 
engorged  ticks  maturing  on  the  animals.  This  was  interfered  with, 
however,  by  the  death  of  five  of  the  eight  animals  that  became  in- 
fested, including  the  two  control  animals.  The  results  from  the 
three  animals  that  survived  are  as  follows: 

Number  of  engorged  female  ticks  collected  from  surviving  animals. 


Interval 

between 

Number  of 

No.  of 

last  dip- 

engorged 
females 

animal. 

ping  and 

infestation 

collected. 

(weeks). 

944 

1 

906 

949 

2 

4,884 

943 

4 

6,715 

While  it  would  appear  from  this  that  the  infestation  becomes  in- 
tensified as  the  interval  increases  following  the  last  dipping,  the 
data  are  not  adequate  for  drawing  conclusions  on  this  point. 

The  observations  made  on  the  engorged  females  removed  at  inter- 
vals from  the  animals  (p.  17)  were  for  the  purpose  of  determining 
whether  any  arsenic  absorbed  by  the  tick  might  destroy  it  after  it 
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had  dropped  from  the  host,  or,  failing  this,  whether  it  would  in- 
fluence oviposition  or  affect  the  viability  of  the  eggs. 

The  results  on  mortality  obtained  ^om  the  ticks  collected  from 
four  animals  are  as  follows: 

Lot  4  (calf  944),  about  50  per  cent  died. 
Lot  5  (calt  949),  about  40  per  cent  died.    ^ 
Lot  6  (calf  943),  about  50  per  cent  died. 
Lot  3  (calf  950,  control),  about  95  per  cent  died. 

It  is  noted  that  the  mortality  of  the  ticks  from  the  undipped  con- 
trol animal  is  higher  than  for  the  dipped  animals.  The  mortality 
in  all  cases  is  abnormally  high  and  is  very  likely  due  to  the  fact  that 
all  of  the  animals  suffered  from  Texas  fever,  and  this,  either  because 
of  the  well-known  changes  in  the  blood  or  some  other  cause,  such  as, 
tor  example,  an  excessive  invasion  with  Piropldsma  higeminum^ 
had  a  deleterious  effect  on  the  ticks.  The  results,  therefore,  do  not 
make  it  possible  to  draw  any  conclusions  with  regard  to  what  part, 
if  any,  arsenic  played  in  the  mortality. 

After  obtaining  the  above  results  the  writer  made  some  observa- 
tions on  engorged  females  collected  from  undipped  animals  suffering 
from  Texas  fever  in  an  experiment  conducted  by  Drs.  Schroeder  and 
Cotton,  of  the  Bureau  of  Animal  Industry.  The  data  obtained  from 
these  ticks  are  as  follows : 

Mortality  of  engorged  ticks  collected  from  animals  suffering  from  Texas  fever. 


No.  of 
animal. 

Number 
of  ticks  re- 
moved. 

Mortality. 

808 
792 
664 
803 
742 

1,277 
666 
978 
579 
372 

Per  ccta. 
10 
12 

7 

17 
32 

The  mortality  here  is  not  nearly  as  high  as  in  the  above  instances. 
Unfortunately,  no  ticks  from  animals  not  suffering  from  fever  were 
available  for  controls,  but  it  is  known  as  the  result  of  a  wide  experi- 
ence with  ticks  from  normal  animals  that  the  mortality  is  abnormally 

high. 

The  percentage  of  the  engorged  females  that  oviposited  is  given 

in  the  following  table.    The  ticks  were  collected  from  each  animal 

from  July  12  to  19,  inclusive,  and  kept  under  observation. 

Percentage  of  engorged  ticks  ovipositing. 


Number  of  animal  from  whidi  collected. 


944  (lot  4) 

!M9<lot5) 

943  (lot  6) 

050  (lot  3,  control) 


Number  of 
ticks. 


Tioksoyi- 
postting. 


Ptrcent. 


96 
98 
97 
99 
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It  is  noted  from  the  above  table  that  the  ticks  ovipositing  from 
the  dipped  animals  range  from  1  to  3  per  cent  lower  than  those 
from  the  undipped  animal  (control).  This  difference,  however,  is 
so  slight  as  to  have  no  significandie,  and  it  may  be  concluded  that 
any  arsenic  absorbed  by  the  ticks  failed  to  be  sufficiently  active  to 
prevent  oviposition. 

The  percentage  of  eggs  hatched  in  the  case  of  the  various  lots  of 
ticks  collected  from  animals  that  survived  long  enough  for  ticks  to 
mature  is  as  follows: 


Percentage  of  eggs  hatching. 


Date  collected. 


jQly  12 
July  15 
July  16 
July  17 
July  18 
July  19 


CalfM4 

(lot  4). 


Percent. 
60 
10 
96 
10 
60 
I 


Calf  949 
Got  6). 


Pereeni. 
96, 95,  and  90 
96 
86 
90 
95 
90 


Calf  943 
(lot  6). 


Percent. 

95  and  95 
95 
95 
25 
76 
60 


Calf  950 

(lot  8, 

control). 


Percent. 
90  and  90 
90 


The  percentage  in  the  three  dipped  animals  (944,  949,  and  943) 
ranged  from  1  to  95,  85  to  95,  and  25  to  95,  respectively,  as  com- 
pared with  90  per  cent  in  the  three  lots  from  the  control  animal. 

Because  of  the  fact  that  it  was  necessary  to  kill  the  only  remaining 
control  animal  (calf  950)  on  July  15,  there  were  no  undipped  ticks 
available  for  comparison  with  those  collected  from  the  dipped  animals 
on  July  16  to  19,  inclusive. 

By  comparing  the  percentages  for  the  dipped  animals  with  those 
of  the  control  for  July  12  and  15,  it  is  noted  that  the  percentage  of 
eggs  hatching  from  ticks  from  calf  944,  infested  one  week  after 
dipping,  is  low,  while  the  percentage  for  each  of  the  other  two 
animals,  infested  two  and  four  weeks  after  dipping,  is  normal.  It 
is  noted  that  in  general  the  percentages  for  the  remaining  dates  range 
lower  for  calf  944  than  for  the  other  animals.  Unfortunately  the 
percentages  for  the  dipped  animals  can  not  be  averaged  for  purposes 
of  comparison,  because  the  number  of  eggs  in  the  different  lots  varied 
greatly. 

It  is  evident,  however,  that  while  arsenic  may  have  been  responsible 
for  a  decrease  in  the  viability  of  the  eggs  in  the  case  of  calf  944,  there 
has  been  no  such  effect  in  the  case  of  the  ticks  from  the  other  two 
dipped  animals,  and,  on  the  whole,  it  seems  safe  to  conclude  that 
arsenic  has  played  no  important  part  in  determining  the  percentage 
of  eggs  that  hatched. 

It  should  be  borne  in  mind  that  this  result  is  not  contrary  to  those 
recorded  in  Bulletin  144  of  the  Bureau  of  Animal  Industry,  where 
ticks  subjected  to  the  direct  influence  of  arsenic  were  foimd  to  lay  eggs 


IHS  PEOIECTIVE  ACTION  OV  ABSENICAL  DIPS«  23 

that,  as  a  rule,  did  not  batch.  The  ticks  in  the  present  tests  were  sub- 
jected only  to  the  indirect  action  of  arsenic,  as  they  were  not  applied 
2as  seed  ticks  until  one  to  four  weeks  after  the  animals  were  dipped. 

EXPERIMENT    NO.    2. CATTLE   EXPOSED   TO    INFESTATION    TWO    AND    ONE- 
HALF   HOURS   AND   TWO  DAYS   AFTER  DIPPING. 

After  having  shown  by  experiment  No.  1  that  arsenic  has  a  pro- 
tective action  which  lasts  for  less  than  a  week^  it  was  determined  to 
conduct  another  experiment  for  the  purpose  of  determining  the  length 
of  time  that  arsenic  will  protect.  It  was  also  thought  necessary  to 
repeat  the  tests  showing  that  arsenic  protected  against  immediate  in- 
festation, since  there  was  a  possibility  that  the  results  obtained 
might  have  been  accidental.  One  thing  that  threw  doubt  on  the 
last-mentioned  result  was  the  fact  that  the  animals,  following  the 
last  dipping  and  the  infestation  (carried  out  on  the  same  day),  were 
out  in  a  slow  rain,  which  it  was  thought  might  have  kept  the  arsenic 
in  solution  on  the  skin  and  created  a  condition  much  as  if  the  ticks 
had  been  subjected  for  some  hours  to  an  arsenical  dip.  In  order  to 
obviate  this  possibility  in  the  following  experiment,  the  dipped  ani- 
mals, as  soon  as  dry,  were  placed  at  once  under  shelter  and  kept 
there  until  the  close  of  the  experiment. 

In  experiment  No.  1  the  animals  were  kept  submerged  in  the  dip 
for  two  minutes.  As  this  is  longer  than  an  animal  remains  in  the  dip 
when  passing  through  the  ordinary  dipping  vat,  it  was  determined  in 
the  following  experiment,  in  addition  to  dipping  animals  for  2 
minutes,  to  dip  others  for  20  seconds,  which  comes  nearer  to  the  time 
required  to  pass  through  a  vat. 

The  dip  used  in  experiment  No.  2  was  made  on  July  29.  It  was 
made  according  to  the  usual  formula  of  8  pounds  of  arsenic  to  the 
500  gallons.  An  analysis  of  a  sample  taken  on  the  date  the  dip  was 
made  showed  it  to  contain  0.1652  per  cent  arsenic  trioxid.  As  in 
experiment  No.  1,  no  pine  tar  was  used.  Twelve  calves  were  used  in 
the  experiment,  divided  into  five  lots  as  described  below.  All  of  the 
cattle  were  dipped  on  August  1.  Lots  1,  2,  and  5  were  infested  with 
the  progeny  of  female  ticks  collected  at  Fort  Worth,  Tex.,  June  24, 
1912.  Lots  3  and  4  were  infested  with  the  progeny  of  females  re- 
ceived from  Fort  Worth,  June  29,  1912. 

Lot  1,  Calves  Nos.  957,  9j7,  and  9o8. — Dipped  two  minutes  in  an  arsenical 
dip.  Infested  with  seed  ticlis  two  and  one-half  hours  after  dipping.  No  ticks 
developed.  Calves  957  and  947  developed  no  fever.  Calf  958  showed  a  tem- 
perature and  In  all  probability  had  an  attack  of  Texas  fever.  Calf  947  follow- 
ing dippiE^  suffered  from  anorexia  and  bloat.  On  August  26  the  animal  de- 
veloped a  gastric  fistula  located  on  the  underside  of  the  abdomen.  Food  and 
drops  of  liquid  were  issuing  from  it.  On  August  29  the  animal  was  killed.  The 
fistula  was  found  to  extend  into  the  fourth  stomach.  The  mucous  folds  in  the 
region  of  the  fistula  "were  hjrpertrophied,  hemorrhagic,  and  sloughing  away. 
This  was  clearly  a  case  of  arsenical  ix)i9oning. 
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Lot  2,  Calves  Noa.  927,  939,  and  £^^8.— Dipped  20  seconds  in  an  arsenical  dip. 
Infested  with  seed  ticks  two  and  one-half  hours  after  dipping.  No  ticks  de- 
veloped on  these  animals.  There  was  no  fever.  Calf  939  died  August  20.  Ou 
post-mortem  there  was  an  enteritis,  principally  of  small  intestine  and  cecum. 
There  was  congestion  of  lungs  and  a  slight  congestion  of  Iddneys.  Smears  from 
spleen  and  liver  contained  no  piroplasma. 

Lot  S.  Calves  Nos.  955  and  9^2. — Dipped  two  minutes  in  an  arsenical  dip. 
Infested  two  days  after  dipping  (August  3)  with  seed  ticks.  No  ticks  de- 
veloped on  these  animals.  Calf  942  showed  a  rise  in  temperature  from  the 
ninth  to  the  twelfth  day  after  infestation.  On  August  6  calf  955  died  of 
arsenical  poisoning.  The  liver  was  yellow  (fatty  degeneration)  and  ver>- 
friable.  There  were  large  hemorrhages  in  the  endocardium  of  the  right  side, 
also  large  hemorrhagic  areas  in  all  four  stomachs.  An  enteritis  was  present. 
There  were  edematous  areas  in  wall  of  stomach  and  Intestine.  The  capsule  of 
the  spleen  was  much  injected.  All  blood  vessels  were  injected  and  the  blood 
was  very  dark.    There  were  no  lesions  in  the  mouth. 

Found  a  number  of  larvce  on  the  skiu,  all  of  which  were  dead.  Two  of  these 
were  observed  with  certainty  to  be  attached. 

Lot  4.  Calves  Xos.  050  and  9^1. — Dipped  20  seconds  in  an  arsenical  dip.  In- 
fested with  seed  ticks  two  days  after  dipping  (August  3). 

August  16  found  a  very  young  nymph  on  calf  941. 

August  20  removed  al>ove  tick  for  examination,  and  determined  that  It  was 
a  specimen  of  Margaropus  annulatus.  No  other  ticks  were  found.  No  ticks 
developed  on  calf  956.  This  animal  showed  a  temperature  from  the  sixth  to 
the  twelfth  day.    Calf  941  showed  no  temperature. 

Lot  5  (control).  Calves  Nos. 926  and 988. — Undipped.  August  1  infested  with 
seed  ticks.  Both  of  these  animals  became  heavily  infested  with  ticks  and 
showed  a  rise  in  temi)erature.  Calf  926  was  down  August  22.  Had  been  down 
since  the  previous  day.  The  animal  was  greatly  emaciated.  It  was  killed. 
Heavily  infested  with  ticks.  There  were  no  lesions  of  Texas  fever.  Smears 
from  liver  and  spleen  contained  no  piroplasma.  On  August  16  both  of  the 
above  animals  were  treated  with  a  subcutaneous  injection  of  150  c.  c.  of  a  1 
per  cent  solution  of  trypan  blue.  Calf  938  was  killed  August  30  for  the  pur- 
pose of  noting  whether  the  stain  from  the  trypan  blue  still  persisted.  On  post- 
mortem both  carcasses  were  found  to  be  extensively  stained.  The  parts  stained 
were  as  follows:  The  skin;  subcutaneous  and  intermuscular  connective  tissue: 
parietal  and  visceral  pleura  and  the  peritoneum;  epicardium,  endocardium,  and 
pericardium;  trachea;  bronchi  and  smaller  air  tubes;  cartilage  of  Joints; 
capsule  and  trabeculse  of  spleen ;  cortex  of  kidneys^  and  the  veins  and  arteries. 
A  pale-bluish  fluid  was  noted  in  some  of  the  mesenteric  lymph  glands. 

The  post-mortems  were  made  6  and  14  days  after  the  trypan-blue  solution 
was  injected. 

DISCUSSION  OF  RESULTS. 

It  is  noted  from  the  above  results  that  animals  when  dipped  once 
in  an  arsenical  dip  for  two  minutes  (lot  1)  and  for  20  seconds 
(lot  2)  were  protected  from  infestation  when  exposed  two  and  one- 
half  hours  after  dipping.  This  occurred  when  the  animals  were  not 
exposed  to  rain  and  the  arsenic  on  the  skin  was  not  kept  in  a  more 
or  less  dissolved  state  for  some  time,  as  was  probably  the  case  in 
experiment  No.  1. 

It  is  also  seen  (lots  3  and  4)  that  animals  dipped  for  two  minutes 
and  for  20  seconds  were  protected  from  infestation  when  exposed  two 
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fall  days  after  dipping.  It  is  believed  that  the  one  young  nymph 
found  13  days  after  infestation  on  calf  941  could  not  have  been  a 
larva  that  attached  itself  at  the  time  of  infestation,  since  its  stage  of 
development  was  considerably  behind  that  of  a  tick  nearly  two  weeks 
old.  It  is  likely  that  this  tick  failed  to  attach  itself,  became  dislodged 
from  one  of  the  calves  after  they  were  placed  in  the  experimental 
paddock,  and  some  d^ys  later  succeeded  in  attaching  itself.  It  is 
possible,  however,  that  this  tick  attached  itself  on  the  day  of  infesta- 
tion. The  writer  obtained  (Bui.  130,  Bureau  of  Animal  Industry) 
in  experiments  conducted  in  1908  a  maximum  period  of  14  days  for 
the  larval  stage,  although  it  is  possible  that  here  also  the  tick  failed 
to  become  attached  at  once.  The  usual  larval  period  is  from  five  to 
nine  days. 

It  is  noted  that  both  of  the  control  animals  became  heavily  in- 
fested with  ticks. 

D£ATH    OF   ANIMAL3   FBOM    ARSENICAL  POISONING. 

In  the  above  experiment  two  animals  (calves  939  and  955)  died 
from  arsenical  poisoning,  and  it  was  necessary  to  kill  another  (calf 
947)  suffering  from  a  gastric  fistula  due  to  arsenical  poisoning.  A 
number  of  the  other  dipped  animals  suffered  for  a  time  with  anorexia, 
and  some  had  temperatures  that  were  puzzling  and  could  not  with 
certainty  be  attributed  to  Texas  fever.  It  is  possible  that  they  also 
suffered  from  arsenical  poisoning.  One  of  the  undipped  (control) 
animals  became  sick,  and  it  was  necessary  to  kill  it.  The  cause  of  its 
sickness  was  not  clear,  but  was  very  probably  Texas  fever.  Although 
it  showed  a  temperature,  there  were  no  lesions  of  Texas  fever  on  post- 
mortem, and  the  piroplasma  could  not  be  demonstrated  on  micro- 
scopic examination.  However,  six  days  previously  it  had  been  in- 
jected with  a  solution  of  trypan  blue.  This  treatment  may  have 
eliminated  the  organism,  which,  if  present  at  all,  was  probably 
present  in  small  numbers,  as  the  animal  was  a  calf. 

The  death  of  three  animals  from  arsenical  poisoning  and  the 
sickness  of  a  number  of  others,  due  possibly  to  the  same  cause,  was 
puzzling  to  the  writer  for  a  time,  especially  in  view  of  the  fact  that 
this  bureau  had  conducted  experimental  dippings  in  arsenic  for  a 
number  of  years  at  the  experiment  station  without  a  single  loss. 
The  analysis  of  the  dip  used  showed  an  arsenic  content  of  0.1652 
per  cent.  This  was  much  too  low  for  the  quantity  of  arsenic  used. 
The  percentage  of  arsenic  should  have  been  0.1925.  It  is  evident 
that  all  of  the  arsenic  was  not  dissolved  when  the  dip  was  made. 
The  most  probable  explanation  of  the  poisoning  is  that  there  was 
undissolved  arsenic  in  the  dip,  and  the  animals  while  being  dipped 
swallowed  enough  to  cause  poisoning.  Support  is  lent  to  this  view 
by  the  fact  that  much  difficulty  was  experienced  in  dissolving  the 
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arsenic,  because  the  water  was  not  kept  boiling.  After  all  the 
arsenic  had  apparently  gone  into  solution  and  the  strong  solution 
was  added  to  the  water  in  the  vat,  clumps  of  white  particles  were 
seen  floating  in  the  water.  The  writer  at  the  time  assumed  these  to 
be  masses  of  calciiun  carbonate  thrown  down  by  the  sodium  carbon- 
ate. It  was  shown  that  this  could  not  have  been  the  case,  however, 
by  observations  made  when  the  batch  of  dip  was  prepared  for  the 
next  experiment  (Xo.  3).  Water  from  the  same  source  was  used, 
and  no  such  precipitate  was  thrown  down  by  the  sodium  carbonate. 
The  only  conclusion  that  remains,  and  this  is  supported  by  the 
analysis  referred  to  above,  is  that  the  particles  observed  were  undis- 
solved arsenic.  If  the  conclusions  here  drawn  with  regard  to  the 
cause  of  the  poisoning  are  correct,  the  extreme  danger  of  having 
undissolved  arsenic  in  a  dip  is  indicated,  and  it  is  possible  that  an 
explanation  of  losses  in  certain  instances  has  been  furnished. 

STAINING   OF   TISSUES   OF   ANIMALS   TREATED    WITH   TRYPAN    BLUE. 

The  extensive  and  intense  staining  of  the  tissues  of  animals  treated 
with  subcutaneous  injections  of  a  1  per  cent  solution  of  trypan  blue 
has  been  previously  noted  in  the  post-mortems  of  animals  Nos.  92f> 
and  938.  The  post-mortems  were  made  6  and  14  days  after  the 
treatment.  It  would  be  of  some  practical  interest  to  determine  how 
long  the  staining  will  persist  in  treated  animals,  since  it  appears  that 
it  might  interfere  with  the  use  of  animals  for  beef  purposes  for  a 
considerable  period. 

EXPERIMENT  NO.   3.— CATTLE  EXPOSED  TO  INFESTATION   FIVE  DAYS  AFTER 

DIPPING. 

Following  experiment  No.  2  another  was  undertaken  to  determine 
whether  arsenic  will  protect  animals  from  infestation  five  days  after 
dipping. 

The  dip  used  in  experiment  No.  3  was  made  up  in  the  proportions 
of  8  pounds  of  arsenic  trioxid  and  24  pounds  of  sodium  carbonate  to 
500  gallons  of  water.  No  pine  tar  was  used.  The  dip  was  made 
August  29,  and  an  analysis  showed  it  to  contain  0.1869  per  cent  of 
arsenic  trioxid.    The  results  of  the  experiment  were  as  follows : 

Lot  L  Cattle  Nos,  830  and  8()0.— Dipped  August  29,  20  seconds.  September 
4  '(five  days  later)  infested  cattle  with  progeny  of  ticks  coUected  August  8, 
1912.  at  Fort  Worth,  Tex.  Both  animals  became  grossly  Infested  with  ticks 
and  contracted  Texas  fever.  On  September  20  animal  830  died.  Post-mortem 
showed  typical  lesions  of  Texas  fever. 

Lot  2  {control).  Cattle  Nos.  855  and  858. — Undipiied.  September  4  infested 
with  progeny  of  ticks  collected  August  8  at  Fort  Worth,  Tex.  Both  animals 
became  grossly  infested  with  ticks  and  contracted  Texas  fever. 
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DISCUSSION   OF  RESULTS. 


It  is  shown  by  the  above  experiment  that  animals  dipped  in  an 
arsenical  dip  containing  0.1869  per  cent  of  arsenic  trioxid  are  not 
protected  from  infestation  when  exposed  five  days  after  dipping. 
It  also  appears  that  the  degree  of  infestation  was  not  influenced  in 
any  way  by  the  dipping  in  arsenic. 

THE   METHOD  BY  WHICH  ANIMALS  ARE  PROTECTED  AGAINST  TICK 

INFESTATION. 

There  are  two  ways  in  which  it  is  conceivable  that  arsenic  protects, 
against  infestation ;  that  is,  by  rendering  the  skin  unpleasant  to  the 
tick,  and  by  poisoning  the  tick  after  it  attaches.  Support  is  lent  to 
the  latter  view  ty  the  fact  that  dead  larvae  were  found  attached  to 
the  skin  of  calf  955  at  the  time  of  its  death  three  days  after  it  was 
infested.  It  was  not  practicable  to  multiply  observations  similar  to 
the  above  because  of  the  great  length  of  time  consumed  in  locating 
the  seed  ticks  on  the  animals. 

The  results  of  the  experiments,  however,  have  proved  conclusively 
that  the  protection  is  due  to  the  larvae  being  killed  and  not  to  their 
being  repelled.  The  animals  when  seed  ticks  were  applied  to  them 
were  placed  in  a  special  pen  set  aside  for  that  purpose,  and  several 
hours  later,  after  the  ticks  had  had  time  to  attach  themselves,  were 
placed  in  the  tick-free  pens  they  were  to  occupy  during  the  experiment. 
If  arsenic  possessed  simply  a  repellent  action  effective  for  two  days, 
complete  protection  would  not  have  resulted  as  occurred  in  the  ex- 
periments, since  the  larvae  would  either  have  wandered  about  over 
the  hair  of  the  animals  or  have  become  dislodged,  only  to  become 
attached  later  when  the  repellent  action  of  the  dip  had  ceased  to  be 
effective.  It  is  therefore  seen  that  if  we  were  dealing  with  a  re- 
pellent action  instead  of  a  toxic  action  at  least  a  certain  degree  of 
infestation  must  have  resulted  in  the  case  of  all  of  the  dipped  ani- 
mals, unless,  of  course,  all  the  seed  ticks  left  the  animals  between 
the  time  the  ticks  were  applied  and  the  animals  were  placed  in  their 
permanent  pens,  a  possibility  that  is  too  remote  to  be  worthy  of 
consideration. 
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